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Nonhomologous end joining (NHEJ) of DNA double strand breaks (DSBs) inside cells can

be selectively inhibited by 5,6-bis-(benzylideneamino)-2-mercaptopyrimidin-4-ol (SCR7)

which possesses anticancer properties. The hydrophobicity of SCR7 decreases its

bioavailability which is a major setback in the utilization of this compound as a

therapeutic agent. In order to circumvent the drawback of SCR7, we prepared a

polymer encapsulated form of SCR7. The physical interaction of SCR7 and Pluronic®

copolymer is evident from different analytical techniques. The in vitro cytotoxicity of the

drug formulations is established using the MTT assay.
Introduction

Cancer drug targeting is challenged by problems like multi-drug resistance and
low solubility of potential drug candidates. There are two general classes of
resistance to anti-cancer drugs: those that impair delivery of anti-cancer drugs to
tumor cells, and those that arise in the cancer cell itself due to genetic and
epigenetic alterations that affect drug sensitivity. Impaired drug delivery can
result from poor absorption of orally administered drugs, increased drug
metabolism or increased excretion, resulting in lower levels of drug in the blood
and reduced diffusion of drugs from the blood into the tumor.1,2

Cytotoxic therapy offers one prominent approach towards cancer treatment.
Traditional cytotoxic therapy includes radiation and chemotherapeutic
compounds such as platinum-based drugs.3–6 Among the genetic damages, DNA
double strand breaks (DSBs) are considered as the most lethal as they affect the
integrity and continuity of the genome.7–10 Inappropriate repair of DSBs may
result in deletions, inversions, duplications and chromosomal translocations.11–14
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Nonhomologous DNA end joining (NHEJ) is one of the major DNA DSB repair
pathways.15 Recently, a novel inhibitor of NHEJ, 5,6-bis-(benzylideneamino)-2-
mercaptopyrimidin-4-ol (SCR7) has been reported.16 Inhibition of NHEJ by
SCR7 in cancer cells results in the accumulation of unrepaired DNA double-
strand breaks. Despite promising results of SCR7 as a good anticancer agent, it
showed high IC50 which could be attributed to its high hydrophobicity.

Results and discussion

Although SCR 7 has shown promising results as a potential anticancer drug, its
limited solubility in water may lead to poor bioavailability and requires the search
for novel drug delivery systems. Traditional methods to improve the bioavail-
ability of poorly soluble drugs include encapsulating them in nanosized carriers
such as liposomes,17 emulsions, polymer micelles, niosomes,18 lipid particles etc.
Poly Ethylene Glycol (PEG)19 based block copolymers have the distinct advantage
as compared to other delivery systems due to its ability to encapsulate large
amounts of drug. One of the most widely studied classes of amphiphilic copoly-
mers in this eld is the Pluronic triblock copolymers. Thus, we investigated the
role of Pluronic P123 in encapsulating and delivering SCR7 via hydrophobic
interactions.

Fluorescence emission spectra of SCR7 showed a blue shi upon encapsula-
tion with P123 copolymer in DMSO as solvent as shown in Fig. 1(a). The uo-
rescence spectra of SCR7 in DMSO exhibits an emission peak at �474 nm while
SCR7 in the presence of P123 show amaximum at�442 nm with the same solvent
(DMSO due to the high solubility of SCR7). The shi in the lmax of uorescence
spectrum is an indication of interaction between SCR7 and the copolymer P123.
Such shi in the uorescence emission is reported for doxorubicin encapsulated
with chitosan nano particles and curcumin casein micelles.20,21

Fig. 1(b) shows the UV-Vis absorption spectra of SCR7-P123 dissolved in a
minimum amount of water. The hydrophobic PPO core of the copolymer effec-
tively encapsulates the drug molecule and makes it dispersible in the aqueous
layer. To reiterate the encapsulation and release of SCR7 from P123, the aqueous
Fig. 1 (a) (A) Fluorescence emission spectra of SCR7 in DMSO (B) SCR7 loaded P123 in
DMSO. (b) (A) Absorption spectra of SCR7 loaded P123 in water (B) chloroform extract (C)
SCR7 alone in water.

ART � C4FD00176A

2 | Faraday Discuss., 2014, 177, 1–7 This journal is © The Royal Society of Chemistry 2014



Paper Faraday Discussions

1

5

10

15

20

25

30

35

40

45

50
layer was extracted with chloroform (3�). The chloroform layer is dried with
Na2SO4. UV absorption spectra of the chloroform layer show absorption maxima
at 267 nm and 365 nm. The optical absorption spectrum of the chloroform layer is
compared with SCR7 in pure water and SCR7 encapsulated P123 in water (A and C
of Fig. 1(b)). This indicates the ability of P123 in encapsulating the drug and its
release upon treatment with hydrophobic solvents like chloroform.

The FTIR spectra of SCR7 and SCR7 encapsulated with P123 are depicted in
Fig. 2. The C–S stretching vibrations occur at 3271 cm�1, while the C–S bending
occurs at 1047 cm�1 and 1082 cm�1. The C–N stretching vibrations occur at 1026
cm�1, whereas the N–H bending vibrations occur at 924 cm�1. The absorptions at
1250 cm�1, 1117.6 cm�1 and 1031.1 cm�1 are due to C–O stretching vibrations
from the P123 matrix. The absorptions at 957 cm�1 and 817 cm�1 are arising from
the aromatic ring of SCR7. As seen, the spectrum of SCR7-P123 did show the
characteristic absorption band of SCR7 at 2965 cm�1 and 1107 cm�1. FT-IR
spectral analysis reveals that there is no appreciable shi in the IR signal of
SCR7 when it changes from the free state to the polymer bound state. It can also
be concluded that there is no chemical interaction taking place between P123 and
SCR7. The result conrmed the presence of SCR7 in the encapsulated
formulation.

Successful incorporation of SCR7 in P123 and its release in different solvents
was elucidated by 1H NMR spectroscopy. As is evident from Fig. 3, the 1H NMR
spectra of SCR7-P123 employing DMSO-d6 as the solvent showed characteristic
aromatic signals from SCR7 at 7.1–7.5 ppm. In all the spectra, the aromatic proton
signals corresponding to SCR7 are seen with lower intensity than compared with
the Pluronic counterpart. The small signals from SCR7 are indicated by * in Fig. 2.
Fig. 2 FT-IR spectra of (A) SCR7 and (B) SCR7-P123.
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Fig. 4 MTT assay profile of SCR7P123.
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In vitro cytotoxic assay

A cytotoxic assay was performed to measure the metabolic activity of cells. This
was carried out by reducing yellow coloured tetrazolium salt 3-(4,5-dimethyl
thiazol-2-yl)-2,5-diphenyltetrazolium bromide to purple coloured formazan. The
test sample was prepared by dissolving 200 mg of SCR7-P123 in 0.5 mL of DMSO
and made up to 5.8 mL with culture medium containing serum and sterilized
lters. This was diluted with culture medium to 50%, 25% and 12.5%. Cells
cultured in normal medium were considered as the cell control. An equal volume
(100 mL) of various dilutions of test samples, extract of negative control, cell
control and positive control were placed on subconuent monolayer of L929 cells.
Aer incubation of the cells with various concentrations of test sample and
controls at 37 �C for 24 � 2 h, the extract and control medium was replaced with
50 mL MTT solution (1 mg mL�1 in medium without supplements), wrapped with
aluminium foil and incubated at 37 �C for 2 hours. Aer discarding the MTT
solution 100 mL of isopropanol was added to all wells and the plates were shaken.
The developed colour was quantied by measuring absorbance at 570 nm using a
spectrophotometer. The data obtained for the test sample were compared with
the cell control. As shown in Fig. 4, the MTT assay of L929 cells aer 24 hour
contact with samples 100%, 50%, 25% and 12.5% of test material SCR7P123
showed 4.72%, 8.23%, 52.29%, and 60.69% metabolic activity respectively. The
positive control (diluted phenol with culture medium containing serum) showed
15.14% and the negative control (ultra high molecular weight poly ethylene with
culture medium containing serum) showed 80.56% metabolic activity.

Experimental section

Pluronic P123 and D2O were purchased from Aldrich (Bangalore, India). SCR7 was
gied from Indian Institute of Science, Bangalore. All the salts and solvents used
in the study were purchased from Merck (Mumbai, India). All other reagents and
buffer solution components were analytical grade. Distilled and deionized water
was used in all experiments.
Fig. 3 1H NMR spectra of SCR7P123 in (a) DMSO-d6 (b) D2O and (c) CDCl3.
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Preparation of SCR7-loaded polymeric micelles

SCR7 loaded micelles were prepared by the thin-lm hydration method. 30 8 mg
of SCR7 and 440 mg of Pluronic block copolymer P123 were dissolved in 10 mL
acetonitrile in a round-bottom ask. The solvent was evaporated by rotary evap-
oration at 50 �C for about 1 h to obtain a solid SCR7-P123 matrix. Residual
acetonitrile remaining in the lm was removed under vacuum overnight at room
temperature. Then, the resultant thin lm was hydrated with different amounts of
water, while the hydration temperature was varied according to the experimental
design. Themixture was stirred at 700 rpm for 30min to obtain amicelle solution,
which was then ltrated through 0.2 mm lter membrane to remove the unin-
corporated drug aggregates, followed by lyophilization.
Characterization

Fluorescence emissions were recorded on a F-2500 uorescence spectrometer
(Hitachi, Japan). UVmeasurements were performed on a Shimadzu (UV-2450) UV-
visible double beam spectrophotometer with a matched pair of stoppered fused
silica cells of 1 cm optical path length. Fourier transformed infrared (FT-IR)
measurements were obtained using a SHIMADZU 8400 FT IR spectrometer. The
drug loading and release characteristics of P123 encapsulated SCR7 was analyzed
by 1H NMR spectra which was recorded on a Varian 400 MHz spectrometer
(Varian, Palo Alto, CA, USA) in deuterated dimethyl sulfoxide (DMSO-d6), chlo-
roform (CDCl3) and water (D2O) at room temperature.

Thin layer chromatography (TLC) was adopted to study the physical interac-
tion of SCR7 and P123. 10% methanol in chloroform was used as the mobile
phase and silica gel G was used as the stationary phase. The spots were detected
under UV light and stained using alkaline KMnO4 solution and the Rf values were
determined.22 To evaluate the cell cytotoxic potential of SCR7-P123, a MTT assay
was performed. The cell line was obtained from the biotechnology wing of
SCTIMST Thiruvananthapuram. The source of the cell line is the ATCC strain and
L-929. L-929 is an established and well characterized mammalian cell line that
has demonstrated reproducible results. The cells were cultured in 10% FBS. Ultra
high molecular weight poly ethylene was used as the negative control and it was
prepared by incubating 3 cm2 ultra high molecular weight poly ethylene with
culture medium containing serum at 37 � 1 �C for 24 � 2 h. Diluted phenol was
used as the positive control and was prepared by diluting phenol stock solution
(13 mg mL�1) to 1.3 mg mL�1 with culture medium containing serum.
Conclusions

Anti cancer agent SCR7 has the capability to inhibit NHEJ in a Ligase IV depen-
dent manner within cells. Hydrophobicity of SCR7 is a major setback in the
utilization of this compound. Polymer encapsulation of small molecules to
enhance their physicochemical properties represents an alternative approach in
recent drug discovery research. The major focus of the reported study is to
formulate an aqueous soluble matrix for drug delivery. The thin lm hydration
method is conrmed to be one of the most suitable methods for the encapsula-
tion of SCR7 within the copolymer. 1H NMR spectra conrmed the entrapment of
the drug within the Pluronic polymeric core, along with uorescence, UV-Vis and
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FT-IR spectroscopic techniques. SCR7 is efficiently diffused from the polymeric
core as evidenced from the chloroform extract. In vitro cytotoxic assays showed
that the encapsulated form of SCR7 induced cytotoxicity in a concentration
dependent manner. Biocompatibility of the polymeric matrix can serve as an ideal
formulation for controlled drug delivery applications.
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