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Abstract
Novel PVA/Fe3O4@SiO2@CPS@SID@Ni magnetic �brous composite polymer (PVA/MFCP) were
synthesized and its structure by Scanning Electron Microscopy (SEM), Fourier Transform Infrared
spectroscopy (FT-IR), X-Ray Diffraction (XRD), Vibrating Sample Magnetometer (VSM), N2

adsorption/desorption isotherms and thermal behavior were con�rmed. Anticancer properties of synthetic
PVA/Fe3O4@SiO2@CPS@SID@Ni (MFCP) were evaluated by MTT method on MCF-7 breast cancer cells and
IC50 119 µg/ml was observed at 48 hours. Antibacterial and antifungal properties of the synthesized MFCP
nanostructures based on Minimum Inhibitory Concentration (MIC), Minimum Bactericidal Concentration
(MBC) and Minimum Fungicidal Concentration (MFC) were tested and the results proved in some cases
have better effect than commercial drugs.

Introduction
Nowadays, the synthesis of magnetic nanoparticles get an importance due to their various applications and
their activity as an environmentally friendly catalysts in the synthesis of organic compounds [1–6].
Applications such as adsorption of dyes [7], data storage and solar cells from magnetic nanoparticles have
been reported. In medicine, applications such as biomolecular sensors and drug delivery of magnetic
nanoparticles have been Identi�ed [2].

[1, 3] Dithiines are heterocyclic compounds with 2 sulfur atoms with different biological properties [8–12].
Antibacterial and antifungal activity of magnetic nanoparticles containing this heterocyclic have been
studied and acceptable biological effects have been observed [13, 14].

Besides, the magnetic nanoparticles was used in the synthesis of PVA/cellulose whiskers nanocomposite
[15, 16]. One of the most practical nanostructures are nano�bers, which have found many industrial
applications due to their interesting properties. Applications of nano�bers in biological and medical �elds
include food packaging, enzyme stabilization, weaving engineering, and wound dressing [17]. Preparation of
antimicrobial nano�ber coating has been considered by researchers due to its many medical and biological
applications [18, 19]. The antimicrobial nano�lament dressings could prevent wound infection and
accelerate wound healing and thus reduces the duration of treatment. The reports on the application of
antimicrobial nano�bers using polymer compounds and different plant extracts could con�rm this property
[20].

As we know cancer is one of the leading causes of death for millions of people worldwide, the use of
traditional drugs to treat cancer has limitations such as poor pharmacokinetics, poor biological distribution
and adverse side effects, and chemotherapy as a common method of treatment of the cancer has
disadvantages such as low therapeutic e�ciency in the treatment process and side effects on normal cells,
so scientists are trying to use new methods and the use of nanoparticles in the treatment of cancer.
Nanostructures such as graphene oxide, metal-organic frameworks and magnetite have been reported in the
treatment of cancer based on popular drug delivery systems [21, 22].
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In this study, novel �brous composite polymer containing [1, 3]dithiines magnetic nanoparticles
(PVA/MFCP) were synthesized and their antimicrobial and anticancer activities were evaluated.

Experimental Section
General

All reagents, solvents and drugs were purchased from Sigma-Aldrich and Merck. The SEM image of
nanoparticles (scanning electron microscopic) was studied using a Hitachi S4160 instrument. The FT-IR
spectra were recorded on Bruker Tensor 27 FT-IR spectrometer by using KBr pellets. Bruker D8 X-ray
diffractometer with Cu-Kα radiation (λ = 1.5418 Å) in the range of 10–70° and the scanning rate of 1.5°/min
was conducted for X-ray diffraction (XRD) analysis of nanoparticles. Magnetic measurements were carried
out at room temperature by using LBKFB from Meghnatis Daghigh Kavir Company. In anticancer activity,
the absorbance at 570 nm was read utilizing a BioTek Instruments spectrophotometer. In
antimicrobial activity, the concentrations of bacterial, fungal suspensions were prepared by using Jenway
6405 UV–Vis spectrophotometer.

Synthesis of Fe3O4@SiO2@CPS@SID@Ni

Spiro[indoline-3,40 -[1,3]dithiine]@Ni (NO3)2 supported on Fe3O4@SiO2@CPS (Fe3O4@SiO2@CPS@SID@Ni)
was synthesized according to our previously reported method [14].

Synthesis of PVA/Fe3O4@SiO2@CPS@SID@Ni MFCP nanostructures (PVA/MFCP)

PVA/Fe3O4@SiO2@CPS@SID@Ni were synthesized according to previously reported methods [23, 24];
brie�y, 10 mg Fe3O4@SiO2@CPS@SID@Ni was dissolved in 25 ml of distilled water. In another container, 4
mg PVA was dissolved in 20 mL of n-hexane. Then two prepared solution mixed together and was stirred at
80 °C for 20 min. After that, by spinning distance of 22 cm, voltage of 28 kV and a �ow rate of 0.4 mL/h as
optimum conditions of the electrospinning method, PVA/Fe3O4@SiO2@CPS@SID@Ni (PVA/MFCP) were
synthesized.

Anticancer activity

Anticancer activity of PVA/MFCP nanostructures on MCF-7 breast cancer cells and cell viability assay,
according to previously reported methods and MTT method were tested. Concentrations of 5, 10, 20, 40, 80,
120 and 200 μg/ml from PVA/MFCP nanostructures at 24 and 48 hours in density of 1.2 ×104 (cells/well)
were treated [25].

Antimicrobial activity

Antibacterial and antifungal activity of PVA/MFCP nanostructures on Gram-negative pathogenic strains,
Gram- positive pathogenic bacteria and fungi based on Minimum Inhibitory Concentration (MIC), Minimum
Bactericidal Concentration (MBC) and Minimum Fungicidal Concentration (MFC) values were tested. In
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antimicrobial activity, all tests were repeated three times and the mean values of the test results were
reported.

MIC TEST

According to the CLSI guidelines M07-A9 and M27-A2 and previously reported methods, broth microdilution
susceptibility to MIC test of PVA/MFCP nanostructures were evaluated [7, 26].  

MBC and MFC TESTS

The Time-kill test was done to determine MBC and MFC values, according to the CLSI guideline M26-A and
previously reported methods [7, 26]. 

Results And Discussion

Synthesis and characterization of
PVA/Fe3O4@SiO2@CPS@SID@Ni MFCP (PVA/MFCP)
nanostructures
Identi�cation and characterization of PVA/MFCP (Fig. 1) were performed by using scanning electron
microscopy (SEM), infrared spectroscopy (FT-IR), X-ray diffraction (XRD), vibrating sample magnetometer
(VSM), N2 adsorption/desorption isotherms and thermal behaviour.

According to our previous reports, structure of Fe3O4@SiO2@CPS@SID@Ni was validated through spectral
data (Fig. 2) such as SEM, FT-IR, XRD, EDX and VSM [14]. In this work, SEM, FT-IR, XRD and VSM spectral
data of PVA/MFCP nanostructures was compared with our previous reports.

Previous reports in SEM image of Fe3O4@SiO2@CPS@SID@Ni (Fig. 3-I) suggest that its particle size is in
the nanoscale range with uniform morphology [14], in the �nal structure (PVA/MFCP) the morphology was
preserved (Fig. 3-II) which proves that the electrospinning procedure were optimal conditions and the
PVA/MFCP nanostructures was in the nanoscale range.

All peaks of the proposed structure were observed in the FT-IR spectrum of PVA/MFCP nanostructures
(Fig. 4-II). Comparison spectra of Fe3O4@SiO2@CPS@SID@Ni [14] and PVA/MFCP nanostructures showed
that in addition to peaks Ni-N, Fe-O, Si-O, C = C, C = O, CN, C-H and N-H, there are peaks related to Ni-O and O-
H in areas 700 cm − 1 and 3200 cm− 1, respectively, in spectrum of PVA/Fe3O4@SiO2@CPS@SID@Ni.

The XRD pattern of PVA/MFCP nanostructures was similar to the XRD pattern of
Fe3O4@SiO2@CPS@SID@Ni and in positions of 2θ angles at 30.2, 35.69, 43.5, 53.75, 57.6 and 63.8 due to
the standard XRD pattern of crystalline cubic spinel Fe3O4 nanoparticles were shown (Fig. 5) [3, 14].

According to our previous report, vibrating sample magnetometer related to structure
Fe3O4@SiO2@CPS@SID@Ni, 23.8 emu g− 1 was observed [14], vibrating sample magnetometer related to
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PVA/ MFCP, 7.6 emu g− 1 was observed (Fig. 6), decreasing the amount of VSM proves the structure of the
proposed product.

According to N2 adsorption/desorption isotherms of synthesized material under optimal conditions in Fig. 7,
the adsorption/ desorption isotherms of both sample are similar to �rst type of classical isotherms which
con�rms microporous distribution of products [27, 28]. Based on data obtained from BET technique,
PVA/MFCP nanostructures have more surface area than PVA/Fe3O4@SiO2 (1170 m2/g compared to 680

m2/g). It means that incorporation of the nanostructures in core-shell composite network could enhance the
surface area of the �nal products.

Thermal behavior of Fe3O4@SiO2 and PVA/MFCP nanostructures synthesized under optimal conditions are
showed in Fig. 8. According to this Fig, the samples have thermal behavior including evaporation the solvent
(near 100 °C), destruction trapping solvent (around 140°C) and disintegrate the main structure. The data
obtained from this curve showed that PVA/MFCP nanostructures have higher thermal stability (235 °C than
187 °C). As an important result, synthesis of nanostructures with desirable components could enhance the
thermal stability of compound with high degree. This product can be used in different area such as novel
catalyst with high thermal stability [29, 30].

Anticancer properties
Anticancer activity of PVA/MFCP nanostructures on MCF-7 breast cancer cells in 24 and 48 hours at a
concentration of 200 µg/mL showed the maximum effect and were about 40% and 32% than control,
respectively (Fig. 9).

IC50 values of PVA/Fe3O4@SiO2@CPS@SID@Ni MFCP nanostructures at 24h and 48h were calculated as
152 µg/mL and 119 µg/mL, respectively.

From the results of anticancer activity, it can be concluded that the effectiveness of
PVA/Fe3O4@SiO2@CPS@SID@Ni MFCP nanostructures depends on time and concentration.

Antimicrobial properties
According to our previous report, the antimicrobial properties of magnetic nanoparticles were investigated
on Fusarium oxysporum (PTCC 5115) as fungi and Gram-positive pathogenic strains including
Staphylococcus aureus (PTCC 1189) and Rhodococcus equi (PTCC 1633), Gram-negative pathogenic
strains including Proteus mirabilis (PTCC 1776), Escherichia coli (PTCC 1399) and Salmonella enterica
subsp. enterica (PTCC 1709) that were prepared from the Persian Type Culture Collection (PTCC), Tehran,
Iran. In this study, the antimicrobial properties of PVA/Fe3O4@SiO2@CPS@SID@Ni MFCP nanostructures on
the mentioned strains were evaluated and the results were presented in Table 1.
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Table 1
Antimicrobal activities of PVA/Fe3O4@SiO2@CPS@SID@Ni MFCP

Product /
Antibiotics

Fungi gram- positive gram- negative

5115 1189 1633 1776 1399 1709

MIC MFC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

P/MFCP 256 256 128 256 8 32 16 32 8 16 32 128

SID
MNPs[14]

128 256 256 512 16 32 16 32 8 16 64 128

Drug a [14] - - 0.5 1 1 4 0.5 2 4 8 4 8

Drug b [14] 32 64 8 16 8 16 16 16 - - 8 16

P/MFCP: PVA/Fe3O4@SiO2@CPS@SID@Ni MFCP nanostructures as novel magnetic �brous composite
polymer

SID MNPs: Fe3O4@SiO2@CPS@SID@Ni

MIC, MBC and MFC Values reported as µg/mL

For fungi; Drug a: Tolnaftate, Drug b: Terbina�ne; For bactria; Drug a: Gentamicin, Drug b: Penicillin

As shown in the Table 1, antimicrobial activity of PVA/Fe3O4@SiO2@CPS@SID@Ni MFCP nanostructures
and Fe3O4@SiO2@CPS@SID@Ni based on minimum inhibitory concentration (MIC), minimum bactericidal
concentration (MBC) and minimum fungicidal concentration (MFC) were evaluated and have been
compared with Tolnaftate, Terbina�ne as commercial antifungal drugs and Gentamicin, Penicillin, as
commercial antibacterial drugs.

Based on MBC and MFC Values, the results of antimicrobial activity from PVA/Fe3O4@SiO2@CPS@SID@Ni
MFCP nanostructures was very similar to Fe3O4@SiO2@CPS@SID@Ni.

The results showed that Tolnaftate as commercial antifungal drug did not effect on Fusarium oxysporum,
but PVA/Fe3O4@SiO2@CPS@SID@Ni MFCP nanostructures and Fe3O4@SiO2@CPS@SID@Ni showed MFC
256 µg/mL in addition, Penicillin's commercial drug did not effect on Escherichia coli, but
PVA/Fe3O4@SiO2@CPS@SID@Ni MFCP nanostructures and Fe3O4@SiO2@CPS@SID@Ni with MBC 16
µg/mL showed acceptable effects.

Conclusion
In this research, PVA/Fe3O4@SiO2@CPS@SID@Ni as a novel magnetic �brous composite polymer were
synthesized. The structure was evaluated by scanning electron microscopy (SEM), infrared spectroscopy
(FT-IR), X-ray diffraction (XRD), vibrating sample magnetometer (VSM), N2 adsorption/desorption isotherms
and thermal behavior, its anti-cancer and antimicrobial properties were investigated. The anti-cancer
properties were evaluated using MTT method on MCF-7 breast cancer cells and after 48 hours the
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maximum effect was about 32% than control and IC50 119 µg/ml were calculated. Antibacterial and
antifungal properties of PVA/Fe3O4@SiO2@CPS@SID@Ni magnetic �brous composite polymer on gram-
positive strains and gram-negative strains and fungal strains were evaluated and in some cases higher
effects than commercial drugs were observed.
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Structure of synthesized PVA/MFCP nanostructures

Figure 2

SEM (a), FT-IR (b), XRD (c), EDX (d) and VSM (e) of Fe3O4@SiO2@CPS@SID@Ni

Figure 3

SEM image of Fe3O4@SiO2@CPS@SID@Ni (I) and PVA/MFCP nanostructures (II)
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Figure 4

FT-IR spectrum of Fe3O4@SiO2@CPS@SID@Ni (I) and PVA/MFCP nanostructures (II)
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Figure 5

XRD pattern of Fe3O4@SiO2@CPS@SID@Ni (I) and PVA/MFCP nanostructures (II)
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Figure 6

VSM curve of Fe3O4@SiO2@CPS@SID@Ni (I) and PVA/MFCP nanostructures (II)
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Figure 7

N2 adsorption/desorption of Fe3O4@SiO2 (I) and PVA/MFCP nanostructures (II)
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Figure 8

Thermal behaviour of Fe3O4@SiO2 (I) and PVA/MFCP nanostructures (II)
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Figure 9

Anticancer activity of PVA/MFCP nanostructures on MCF-7 breast cancer cells


