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ABSTRACT

We synthesized two Pt/Fe-based metallo-supramolecular polymers with Pt (II) and Fe(Il) introduced
alternately (polyFePtL1 and polyFePtL2) for anticancer drug application. They have octahedral Fe(II)-
centers and square-planar Pt (II)-centers bound with acetylide TPY (4-ethynyl-(2,2:6’,2”-terpyridine)
and —PEt; (polyFePtL1) or —PPh3 (polyFePtL2). We measured their binding affinity to calf-thymus DNA
(ct-DNA) by the UV—vis spectral titration. The binding constant of polyFePtL2 (Kp, = 6.0 x 10’ M~ ) is 15-
fold higher than that of polyFePtL1 (Ki=4.0 x 105 M~1). The high binding affinity of polyFePtL2 in-
dicates the intercalative binding of the —PPh; moieties to DNA in addition to the groove binding of the
polymer to DNA. They showed high cytotoxicity against human lung cancer cell line (A549). PolyFePtL2
has almost twice higher cytotoxicity (41% viable cell) than polyFePtL1 in 10 uM concentration. We also
inspected the cell apoptosis mechanism by FACS using Annexin-V FITC/PI double staining assay and
found that polyFePtL2 induced apoptosis selectively leading to cancer cell death with ~15% detectable

apoptotic cell.

© 2019 Published by Elsevier B.V.

1. Introduction

Cancer is one of the major causes of death in the world and the
development of anticancer drugs is still desired. Nearly 50% of
present anticancer drugs are based on Pt complexes such as
cisplatin, carboplatin and oxaliplatin [1—4]. Therapeutic activity of
the anticancer drugs crucially depends on the DNA binding affinity.
The binding of drugs with DNA over-stabilizes the DNA duplexes
and inhibits the DNA replication, leading to the cellular apoptosis.
There are two binding modes: intercalation and groove binding. In
the intercalation, the planar part of drug stacks with DNA base pairs
through the w—m interaction. In the groove binding, a drug binds to
the minor or major groove of DNA duplexes based on the ionic
interactions etc. The groove binding is normally stronger than the
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intercalation [5]. So, we considered anticancer drugs driven by
groove bindings are effective to enhance the binding affinity with
DNA and reported anticancer activity of metallosupramolecular
polymers. Metallosupramolecular polymers are composed of metal
ions and organic ligands. Because metal ions have positive
charge(s), the polymers are regarded as polycation, which can bind
phosphate anions of DNA ionically. In our previous papers, we
showed the strong groove binding activity of metal-
losupramolecular polymers to DNA and higher cytotoxicity to
cancer cells [6—9]. It was also observed that metallosupramolecular
polymer with a helical structure has higher binding affinity to DNA
with the same helicity than the polymer with the opposite helicity
[8]. Furthermore, we revealed that the DNA binding affinity and
cytotoxicity of metallo-supramolecular polymer are controllable by
changing the metal-metal distance of polymer [9].

Recently, heterometallic complexes with two different cytotoxic
metals have received attention as a novel class of anticancer agents
[10,11]. The two metals with different coordination geometries
multiply interact with a biological target and enhance the anti-
cancer activity. Higher cytotoxicity of heteropolynuclear Ru—Pt
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anticancer complexes than monometallic complexes was reported
by Reedijk et al. [ 12] Strong DNA binding and cytostatic behavior of
a Ru—Pt bis(terpyridyl) complex was also reported by Smythe et al.
[13] However, the bimetallic polymeric systems as anticancer drugs
are relatively unexplored and only a few have been studied so far.
Inspiring from the above-mentioned reports, we have designed
heterometallo-supramolecular polymers with two metal species
(Fe and Pt) introduced alternately through the polymer chain
(Fig. 1) for the anticancer drug application. We chose Fe(Il) due to
the wide diversity of coordination, readily accessible oxidation
states and good antitumor activity with fewer side effects [14]. We
chose organometallic Pt (II) as the second metal for toxicity because
organometallic Pt-compounds are also good anticancer candidates
with their large structural variety and kinetic stability [15].

2. Experimental procedures
2.1. Materials

4-ethynylbenzaldehyde, 2-acetylpyridine, trans-[PtCly(PEt3);,
Cul and diisopropylamine, MgSO4 and iron (II) tetrafluoroborate
[Fe(BF4),] were purchased from TCI (Tokyo, Japan) and Aldrich (St.
Louis, MO, USA) and were directly used without further purifica-
tion. PolyFePtL2 was prepared according to our previously re-
ported procedure. Dehydrated DMSO, 28% NHj3 solution were
purchased from Aldrich. Dry DCM, CHCls, ethanol and acetonitrile
solvents were purchased from Wako or Kanto Chemical Co. Inc. and
used as received.

2.2. Instrumentation

UV—vis spectra of polymers and DNA binding titrations were
recorded using a Shimadzu UV-2550 UV—visible spectrophotom-
eter. IR spectra were recorded on a Shimadzu FTIR 8400S Fourier
Transform Infrared Spectrophotometer with KBr pellets.'H and 3C
NMR spectra were measured at 300 MHz and 75 MHz, respectively,
on a JEOL AL 300/BZ instrument (Tokyo, Japan). Mass spectra (MS)
were measured using a Shimadzu/Kratos TOF Mass spectrometer
(Kyoto, Japan). High-resolution mass spectra (HRMS) were
measured using a Shimadzu LCMS-IT-TOF spectrometer. Calf
thymus DNA (ct-DNA) (10 mg/mL, 200—500 bp) was purchased
from TREVIGEN (Gaithersburg, MD, USA) and the known molar
extinction coefficient of 6600 M~! at 260 nm was used for ct-DNA
concentration with respect to per nucleotide calculation. The

polyFePtL2

=Pt(ll) @=Fe(ll) ®=P —=Et

Fig. 1. Fe/Pt-based heterometallo-supramolecular polymers (polyFePtL1 and
polyFePtL2).

A549 human lung cancer cell line was purchased from the RIKEN
Bio-Resource Center. A microplate reader (MTP-880, Corona Elec-
tric Co., Ltd., Hitachinaka, Japan) was used for the cytotoxicity assay
with CCK-8. Cell-Counting Kit-8 (CCK-8), and calcein-AM and pro-
pidium iodide (PI) double staining kits were purchased from
Dojindo (Kumamoto, Japan). Inverted light and fluorescence mi-
croscopes (DMIL, Leica Microsystems, Wetzlar, Germany) were
used to observe cells stained with the calcein-AM and PI double
staining kit. Annexin-V buffer and Annexin-V (10 pg/mL) were used
for FACS measurements and purchased from SONY (Tokyo, Japan)
and SONY SP6800 cell analyzer software was used for FACS
analysis.

2.3. Synthesis of 1

Acetylide terpyridine 1 was prepared as reported previously by
refluxing the 4-ethynylbenzaldehyde (8.92g, 40.0 mmol), 2-
acetylpyridine (9.85mL, 88.00mmol) and KOH (8.98¢g,
160.00 mmol) in the mixture of 200 mL of EtOH and 40 mL of 28%
NHj3 solution for 24 h. The mixture was cooled to room temperature
and extracted with DCM. The combined organic layer was washed
with water and brine and dried over MgS0O4. After removal of the
solvent, the residue was purified by flash chromatography (1:1
hexane: DCM) to afford 1 as a white powder (9.4 g, 70%).

TH NMR (300 MHz, CDCls, 298 K), 6 (ppm) = 8.73 (s, 2H), 8.69 (d,
2H,]=7.8 Hz),7.95 (dd, 4H, ] = 8.8 Hz), 7.28 (dd, 2H, = 7.8 Hz), 7.65
(d, 2H, J=8.4Hz), 7.38 (t, 2H, = 4.8, 6.9 Hz), 3.19 (s, 1H).

13C NMR (75 MHz, CDCl3): 156.09, 156.06,149.28, 149.13,138.82,
136.88, 132.68, 127.23, 123.90, 122.80, 121.36, 118.71, 83.31, 78.51.

HRMS (m/z): [M + Na] found 356.126; calculated 356.116.

2.4. Synthesis of PtL1

To a solution of 1 (1.0 g, 3.00 mmol) in dry DCM (40 mL), trans-
[Pt (PEt3),Cl3] (0.50 g, 1.00 mmol), Cul (0.03 g, 0.15 mmol) and dii-
sopropylamine (20 mmol) were added. The mixture was stirred at
room temperature under nitrogen for 48 h. The solvent was evap-
orated, residue was washed with water, methanol and hot ethanol
and finally dried in vacuum for overnight to afford PtL1 as a light-
yellow powder (1.02 g, 93%).

'H NMR (300 MHz, CDCl3, 298 K), 6(ppm) = 8.73 (s, 8H), 8.68 (d,
4H,]=8.1Hz), 790 (t,4H,]= 7.2 Hz), 7.82 (d, 4H,] = 8.4 Hz), 7.42 (d,
4H,J = 7.8 Hz),7.37 (t,4H,] = 5.1, 7.2 Hz), 2.25 (m, 12H),1.32 (m, 18H).

13C NMR (75 MHz, CDCl3): 155.44, 155.88, 150.01, 149.07, 136.80,
134.70, 131.34, 129.85, 126.86, 123.72, 121.31, 118.40, 110.66, 109.62,
16.69, 8.38.

HRMS (m/z): [M + H] found 1119.293; calculated 1118.384.

2.5. Synthesis of polyFePtL1

The ligand Pt L1, (0.22 g, 0.20 mmol) and Fe(BF,),,6H,0 (0.07 g,
0.20 mmol) were refluxed at 80°C in argon-saturated dry CHCl3-
DMSO (20mlL, 1:1) mixture for 24 h. The reaction mixture was
cooled to room temperature and added in CHCls. The residue was
filtered and washed with MeOH and CHCl3 several times and dried
under vacuum for 24 h to get polyFePtL1 with >95% yield.

TH NMR (300 MHz, DMSO-dg, 298 K), 6 (ppm)=9.66 (bs, 4H),
9.08 (s, 4H), 8.50 (d, 4H, | = 5.8 Hz), 8.06 (bs, 4H), 7.58 (bs, 4H), 7.29
(t, 8H), 2.30 (m, 12H), 1.34 (m, 18H).

HRMS (m/z): [M + H] found 576.103; calculated 576.653.

2.6. Cell viability

Cell viability of the cancel cells were measured by Cell Counting
Kit-8 (CCK-8) assay. This assay kit provides an easy-to-use, non-
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radioactive, and very good method for cell proliferation, cell viability,
and cytotoxicity. CCK-8 assay Kit is a sensitive method for quantifi-
cation of viable cells in proliferation and cytotoxicity assay. The
method is colorimetric and based on the conversion of highly water
soluble colorless Dojindo's tetrazolium salt to yellow color formazan.
WST-8 [2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium, monosodium salt] produces a
water-soluble formazan dye upon reduction. Viable cells with active
metabolism convert WST-8 into formazan, however, dead cells lose
this ability. Thus color formation serves as a useful and convenient
marker of only the viable cells. The measured absorbance (450 nm) is
proportional to the number of viable cells. For cell viability test, the
lung cancer cell line, A549 was grown in DMEM medium (pH 7.4)
supplemented with 10% (v/v) FBS, 100 U/mL penicillin, and 100 pg/mL
streptomycin (10% FBS-DMEM) and grown in the dark at 37 °Cina 5%
CO, humidified environment. Cells were seeded with a density of
approximately 15,000 cells/cm? into 96-well tissue culture plates. The
old mediumwas removed from the cell culture medium after 24 h and
medium containing different concentrations polymer was added and
incubated for 24 h. For that polymers were dissolved in 20% aceto-
nitrile aqueous solution and then diluted to 0, 2,4, 6,8 and 10 uM in 1%
acetonitrile and 99% of 10% FBS-DMEM medium. After 24 h of incu-
bating the cells with different concentrations polymer in 96-well
plates, 10 uL of CCK-8 solution was added to each well. After an
additional 2 h of incubation, the absorbance at 450 nm (reference
630 nm) was measured using a microplate reader. A higher absor-
bance value corresponded to higher cell proliferation, as the water-
soluble formazan dye was formed via cellular respiration.

2.7. Calcein-AM and PI assay

Calcein-AM and Pl double staining assay was performed into 24-
well tissue culture plates at a density of approximately 15,000 cells/
cm?. After the cells were incubated for 24 h with 10 uM of poly-
FePtL1 or polyFePtL2 in 24-well plates, the cells were washed
twice with sterile PBS and 500 pL of PBS containing calcein-AM
(2uM) and PI (4uM) were added. Plates were incubated for
15 min before fluorescence imaging with a microscope.

2.8. Apoptosis analysis

Apoptosis analysis of A549cell was performed by double
staining assay using TACS Annexin V-FITC Apoptosis Detection Kit
and PI. After incubating the cells for 24 h with 10 pM of polyFePtL1
or polyFePtL2 in 4-well plates, the cells were washed twice with
sterile PBS and then 100 pL of 2% BSA containing trypsin was added
and incubated for 5 min. The cells were collected in 1.5 mL centri-
fuge tubes and centrifuged for 3 min (300xg). The medium was
removed and 100 puL of staining solution was added to the cells and
mixed gently. Next, the cell suspension was keptin the dark at room
temperature for 15 min. Finally, 400 puL of 1X binding buffer was
added and the cells were analyzed by FACS. The results were
analyzed using SONY SP6800 Software.

3. Results and discussion

Pt/Fe-based heterometallo-supramolecular polymers, poly-
FePtL1 and polyFePtL2 were synthesized (Scheme 1), where the
ditopic ligands of PtL1 and PtL2 with square planar center and TPY
(TPY = 4-ethynyl-(2,2’:6',2"-terpyridine)) allows an octahedral iron
(I1) terpyridyl center. The design and subsequent development of
the bimetallic supramolecular polymer have been inspired by the
cytotoxicity of Fe and Ru-based metallosupramolecular polymers,
which can coordinate to DNA by groove binding [13,14].

Novel ligand, PtL1 was synthesized from trans-Pt [PEts]>Cl,

KOH/EtOH
NH4OH, 24 h, Reflux

1 (70%)

trans Pt(PEt3),Cl,
Cul, DCM, 48 h, Reflux

PtL1 (93%)

Fe(BF4)2, CHCI3/DMSO
24 h, Reflux

2BF,

Scheme 1. Synthesis of polyPtL1.

(PEts = triethylphosphine) and 4-ethynyl-phenyl-(2,2":6,2"-ter-
pyridine) (1, Fig. S1-S4) using Cul as a catalyst according to Scheme
1, while the PtL2 was prepared from trans-[Pt (PPhs);|Cly
(-PPhs = triphenylphosphine) treating with 1 according to our
previous report.'® The ligand, PtL1 was characterized by 'H, 13C
NMR and HRMS analysis (Fig. S5-S8). The formation of a Pt—C=C
bond in PtL1 was confirmed by the 'H NMR and *C NMR spectra.
No ethynyl proton signal (at 3.19 ppm) was detected in '"H NMR of
PtL1 (Fig. S5). The down-field shifting of the ethynyl carbon in 3C
NMR (from 83.31 to 78.51 to 110.66 and 109.62) due to the w-back-
donation from the Pt (II) to each ethynyl center of ligand indicated
the formation of Pt—C=C bond [17].

The complexation of PtL1 with Fe?* was monitored by UV—vis
spectra. Fig. 2a exhibits the UV—vis spectral change of ligand by
simultaneous addition of Fe?* in the chloroform-DMSO solvent
mixture. A new metal-to-ligand charge transfer (MLCT) band
appeared at ~570 nm, which was increased with metal concentra-
tion and became saturated. The complexation ratio of PtL1 to Fe**
was determined from the absorbance change at the MLCT band
with respect to the molar ratio of this solution, which indicates 1:1
between PtL1 and Fe?* (Fig. 2b). The MLCT band intensity remain
unchanged in presence of excess metal ions, indicated the stability
of the polymer in solution [18,19].

Organometallic metallo-supramolecular polymer polyFePtL1
was prepared in >90% yield by single-step complexation reaction of
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Fig. 2. (a) UV—vis spectral change of PtL1 by addition of Fe(ll); (b) Absorption change at 580 nm as a function of the molar ratio of Fe(BF4),/PtL1.

PtL1 with Fe?*. Typically, the PtL1 ligand and Fe(BF4), equimolar
were refluxed in an argon-saturated dry DMSO-CHCl3 mixture. The
reaction mixture was cooled to room temperature and added to an
excess CHCl3 solution. The residue was washed with CHCl3 to
remove the impurities and dried under vacuum to get polyFePtL1.
It was characterized by 'H NMR and mass analysis. In the 'H NMR
spectrum of polyFePtL1 at Fig. S9-10, all the characterized peaks of
PtL1 were obtained with a downfield shifting of terpyridyl protons.
The mass spectrometric studies of the polymer further support for
the polymer formation. In the ESI-mass spectrum of FeLPt1, a peak
at mfz 576.10 corresponding to the molecular ion of repeating unit
[M+H]" was observed. The preparation of polyFePtL2 was re-
ported in our previous paper [16].

In order to further characterize polyFePtL1 and polyFePtL2, we
recorded the UV—vis spectra in 1% aqueous-acetonitrile solution
(5uM) and representative spectra are shown in Fig. S11. The pol-
yFePtL1 showed characteristics MLCT absorption at 576 nm for
Fe(Il)-terpyridine octahedral complex and at 380 nm for Pt (II)-
acetylide square planar complex. Both the peaks were red-shifted
to 580 and 390 nm in polyFePtL2. These significant red-shifting
occurred due to presence of electron withdrawing —PPhs group
(as lone pair of phosphorous conjugated with phenyl groups) at
platinum center of PtL2, which considerably reduced the lowest
unoccupied molecular orbital (LUMO) energy of Pt (II) containing
ligand and facilitated the electron transfer from Fe (dmw) to w*(Pt-
acetylide) [17,20].

The single polymer chain of polyFeLPt1 or polyFeLPt2 contain
multiple numbers of alternative Fe and Pt centers with octahedral
and square planar geometry. So, it can interact strongly with the
negative charges of phosphate groups present in the sugar back-
bone of DNA. As we know, the DNA is the pharmacological target of
many of the useful drugs. So, interfering DNA replication by tar-
geting is quite easy and conceptually straightforward [21,22].
Therefore, our prime intention is to stop DNA replication by
enhancement of DNA binding properties of the metallo-
supramolecular polymer.

To get insight about DNA binding of these polymers we have
employed UV—vis spectrometric titration method. The binding
constant of two polymers to ct-DNA were determined by UV—vis
changes at MLCT band of polymers as a function of DNA concen-
tration. For that, 5 uM of polymer in 1% aqueous-acetonitrile solu-
tion was taken in a UV—vis cuvette and simultaneously increased
the DNA concentration up to [DNA]/[polymer] ~1.4. As the DNA
concentration increased, changes in the MLCT (~580 nm) band of
polymers were observed and plateau detected after certain con-
centration (Fig. 3). The binding constant (K}) of the polymers were
calculated using MvH equation (equation (1)) from the non-linear
fitting plot of extinction coefficient change with respect to [DNA]/

[Polymer] [7,8]. The Kp(DNA-polyFelLPt2) is 15 times higher than
Kp(DNA-polyFeLPt1). The reason can be explained by van der
Waal's and electrostatic interaction of the DNA duplex with FePtL2.
Presence of extra m-system (planar phenyl ring in —PPh3 group) in
the PtL2 ligand that extends sufficiently to permit the partial
intercalation of the phenyl group to the DNA bases and enhances
binding activity [23].

1/2
b~ (b® - 2K} Ct [DNAJ, /s) /

2K, Gt M

€q — €&p

&p — &f

Here b = 1+KpC; + K [DNA]¢/2s, Ky, is binding constant between
polymer and DNA, the total polymer concentration in repeat units
is Ct, [DNA]; is the DNA concentration per nucleotide, the size of the
binding site per nucleotide is ‘s’ and e,, ¢f, e, represent the apparent,
free, and bound polymer molar extinction coefficients, respectively.
The e, was determined from the plateau of DNA titration.

In addition, both polymers showed significant hypochromism
and red shift of the MLCT band of Fe(II) upon sequential addition of
ct-DNA. The bathochromic shift of polyFePtL1 and polyFePtL2 was
7 and 4 nm with hypochromicity 11.1% and 14.9% respectively at the
plateau (see Table 1). The significant red-shift and maximum
hypochromicity of polyFePtL2 indicated the strong groove binding
between the polymer chains and duplex DNA. As the PtL2 contains
planar phenyl group, which can intercalate in the DNA duplex and
stacked with DNA base pairs and favors the groove binding of
polyFePtL2 and ct-DNA, whereas no such intercalating groups
were present in polyFePtL1. Interestingly, such partial intercalation
was confirmed by the MLCT band change of Pt (II) in presence of
DNA. Fig. 3a unveiled the Pt (II) MLCT of polyFePtL1, which was red
shifted from 380 to 387 nm, whereas for polyFePtL2, blue shifting
of Pt (II) MLCT from 390 to 385 nm (Fig. 3¢) (at 1:1 DNA—Polymer).
The blue shift of the Pt (II) MLCT band is the consequence of partial
intercalation of ligand to the double strand DNA [24].

As our metallo-supramolecular polymers (polyFePtL1 or poly-
FePtL2) contain two cytotoxic metals in the same polymer chain
including very strong binding activity to DNA, it should be a good
DNA-replication interfering agent and anticancer drug [25]. The

Table 1
DNA binding of polymers.

Hypochromicity (%)* bathochromic shift (nm)* K, x 108 (M)

polyFePtL1 11.1 7 4.07
polyFePtL2 14.9 4 60.08

2 At 1:1 [DNA]/[Polymer].
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Fig. 3. UV—vis spectral changes of polymers with the addition of ct-DNA and non-linear fitting of the absorption change for polymer as a function of DNA concentration, (a) and (b)
for polyFePtL1; (c) and (d) for polyFePtL2, respectively. (e) Possible conjugate structure of B-DNA with polyFePtL1 and polyFePtL2.

anticancer activity of polyFePtL1 and polyFePtL2 to human lung
cancer cell (A549) were tested by established CCK-8 assay. For that,
the A549 cells were incubated for 24 h and different concentrations
dose of polyFePtL1 or polyFePtL2 was applied for the cell-viability
test. Five different concentrations 2, 4, 6, 8 and 10 uM of polymers
were used for cell viability test. Cell viability decreased with con-
centration for both polymers and survival rate reached 71% and 41%
for polyFePtL1 and polyFePtL2 at 10 uM concentrations, respec-
tively showing at Fig. 4. Finally, Calcein-AM and propidium iodide

(PI) double staining colorimetric assay was used for cellular uptake
studies and to establish the cytotoxicity results with cellular levels.
This method is fluorescence based for live (green) and/or dead cells
(red) detection with two probes that reflect cellular activities and
plasma membrane integrity [26]. The accumulation of polyFePtL1
and polyFePtL2 to A549 cell at 10 uM concentration are shown in
Fig. 5. An average number of dead/total cells percentages were
calculated from Fig. 5b and d and observed 12% and 58% for poly-
FePtL1 and polyFePtL2, respectively (see Table 2). The result also a
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Table 2
Live and dead cell assay of the polymers counted from Fig. 5.

Average no. of live cells (L)

Average no. of dead cells (D) D/Total no. of cells (L + D), %

polyFePtL1 75 10 12
polyFePtL2 32 45 58
1201 (a) bilayer will be the dominant process involved in polymer uptake

Cell-viability (%)
o
=

(b)
100
80 1
'
40 1
20
0 .

0 2 46 810 0 2 4 6 8 10
Concentration (uM)

Fig. 4. CCK-8 assay of A549 cells in the presence of polymers (a) polyFePtL1 and (b)
polFePtL2.

good agreement with the DNA-binding and cytotoxicity by CCK-8
assay results. So, from the above results, we conclude that the
polyFePtL2 could effectively enter the cancer cell, and induces the
apoptosis. Although, the cell death mechanism still not clear to us
but we consider that passive diffusion through the cellular lipid

[27].

Considering the essential role of cytotoxicity of polymers are
apoptosis induction, the cell apoptosis mechanism was studied by
FACS using Annexin-V FITC/PI double staining assay. For that,
A549 cells were treated with polymers for 24 h with 10 uM con-
centration and then cells were collected for staining. As shown in
Fig. 6, the populations of apoptotic cells, including late apoptotic
cells and early apoptotic cells for polyFePtL1 were 9.80% and 3.25%
and for polyFePtL2 14.47% and 4.49% respectively. The significant
increases of the apoptotic cells for polyFePtL2 indicates that it
effectively inhibits the cell proliferation and induced apoptosis.

4. Conclusion

In summary, the first organometallic based metallo-
supramolecular polymer with alternative iron and platinum
metals have synthesized and its binding to the DNA and cytotox-
icity to cancer cell are presented. The results suggested that the
platinum center in the metallo-supramolecular polymer is
competent to interact to the DNA without being hindered to the
iron unit, which simultaneously enhances the electrostatic binding
to the DNA and results the strong cytotoxicity. The polyFePtL2
including planar phenyl group substituted platinum center showed
~15 times strong binding activity to DNA than polyFePtL1, which
contains ethyl substituted platinum. Strong DNA binding also re-
flected in the cytotoxicity properties of the polymers. Approxi-
mately double cytotoxicity was observed for polyFePtL2 than
polyFePtL1 for A549 cell. Cell death mechanism was established by
FACS and its showed apoptosis is the main reason for cytotoxicity

--
C

Fig. 5. Calcein-AM and propidium iodide (PI) double staining assay of A549 cells, (a) and (b) for polyFePtL1; (

-

c) and (d) for polyFePtL2.
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Fig. 6. FACS analysis of A549 cells in presence of 10 uM of (a) polyFePtL1 and (b) polyFePtL2 by Annexin-V FITC/PI double staining.

and a higher percentage of early and late apoptotic cells were
observed for polyFePtL2 than polyFePtL1. The Fe-Pt based hetero-
metallo-supramolecular polymer is a unique example of a poten-
tially antitumor-active polymer which offers stable and improves
DNA binding with anticancer activities.
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