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Magnetic iron oxide nanoparticles exhibit many interesting properties due to their surface chemistry 
and they can be exploited in biomedical and technological applications. The iron oxide nanoparticles 
(FeO NPs) using ferric chloride, ferrous chloride, PVP (Poly Vinyl Pyrolidone) and Syzygium aromaticum 
extract were successfully synthesized by wet-chemical co-precipitation method. The PVP coated FeO 
NPs and S. aromaticum loaded to PVP coated FeO NPs were systematically characterized by using 
expository tools. UV-Visible spectroscopy showed the maximum absorbance at 480 nm and 554 nm due 
to the excitation of surface plasmon vibrations in the FeO NPs formation. Fourier transform infrared 
(FT-IR) spectrum showed the presence of functional groups of in the form of various band positions and 
this study confirmed that phenols and primary amines were majorly present. DLS studies revealed 
narrow size of particles i.e., 399.8 nm and 190.1 nm. Particle size distribution was showed at 256 nm 
and 153 nm for these samples and zeta potential values were observed at -23.7 and -18.8 mV with 
greater stability. The X-ray diffraction (XRD) analysis is in good agreement with a high degree of 
crystallographic nature of particles and the average particle size was found to be 23 nm and 29 nm using 
Scherrer equation. FT-Raman spectrum showed three main characteristic peaks. The scope of this study 
was extended by examining the cytotoxicity of PVP coated FeO NPs and S. aromaticum loaded PVP coated 
FeO NPs on human breast (MCF-7) cancer cell lines. The results suggest that the S. aromaticum loaded 
FeO NPs acts as a potential anti-cancer agent and are a promising research field for lots of biomedical 
applications particularly for breast cancer studies. 
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1. Introduction 

Breast carcinoma is the most common prevalent malignancy in women 
[1]. It is one of the primary causes of morbidity and mortality for women 
worldwide [2, 3]. In India, breast cancer is the most frequently diagnosed 
fatal cancers (21%). Hence, in order to improve the efficiency of breast 
cancer therapy and to minimize its harmful impact on healthy organs and 
tissues, new treatment regimens are urgently needed. A variety of 
approaches are being practiced for the treatment of cancer each of which 
has some significant limitations and side effects [4]. The modern 
treatment for cancers include surgical removal, chemotherapy, radiation 
and hormone therapy. Conventional chemotherapy fails to target the 
cancerous cells particularly without interacting with the normal body 
cells. Thus they cause serious effects resulting in organ damage. In 
environmental subsistence, there is a need to thrive the environmental 
friendly strategies to avoid the toxic chemicals in the synthesis protocols 
in order to circumvent adverse effects in medical applications.  

In the ad hoc century, research on nanotechnology advanced much 
importance in the fields of biology, medicine, physics, chemistry and 
electronics. It has been the area of interest over the last decade for 
flourishing precise drug delivery systems as it affords numerous benefits 
to overwhelm the limitations of conventional formulations [5]. Various 
researches are being carried out in order to discover more accurate 
nanotechnology based cancer treatment to minimize the side effects of the 
conventional ones by using nanoparticles [6]. Noble metal nanoparticles 
have received unprecedented attention because of their potential efficacy 
in various fields such as material sciences, pharmaceutical sciences, and 
biomedical applications [7, 8]. Iron oxides have mesmerized a plenitude 
recognition among specialists because of their multifunctional properties 

such as small size, high magnetism and low toxicity [9] microwave 
absorption properties, [10] targeted drug delivery in clinical trials [11] 
and as substrates in cancer treatment methods [12]. The antitumor 
mechanism could work through the generation of reactive oxygen species 
or apoptosis and necrosis [13]. And the addition of PVP is widely used in 
nanoparticle synthesis in which PVP act as stabilizer and is utmost 
recurrent biologically good-natured polymer due to its diverse biological 
applications and used as defensive coating for drug delivery. PVP is a 
bulky, non-toxic [14] non-ionic [15] polymer with C=O, C-N and CH2 
functional groups [16]. The PVP molecule holds a strongly hydrophilic 
component (the pyrrolidone moiety) and a substantial hydrophobic group 
(the alkyl group). Ruiz-Baltazar [17]  described that a change in the 
amount of PVP during chemical reduction synthesis of iron oxide 
nanoparticles can constraint the oxidation of the final nanoparticles as 
well as change the final morphology. Also, the PVP addition regulates 
crystal growth, resulting in smaller crystalline sizes, together with limiting 
the oxidation of the iron oxide nanoparticles.  

When coming to the biology nanoparticles are synthesized with the help 
of medicinal plants as reducing agents and is a captivating research area 
by synthesizing different types of nanoparticles like iron, copper, gold, 
silver copper, and zinc [18]. There is a growing demand to flourish eco-
friendly methods, which are free from toxic substances, for the synthesis 
of nanoparticles [19]. The herbal extracts have got many scientific 
attentions because of its utility in diverse health-beneficial effects such as 
antidiabetic, anticancer, and antioxidant activities [20]. The natural 
products procure from the medicinal plants bestow an excellent source of 
cancer medication. The use of natural products in cancer therapy provide 
many advantages because in addition to killing the cancer cells, some 
natural agents have been constitute to render protection to the normal 
cells [21]. Application of plants and plant products in the treatment of 
cancer seems to be inevitable, manifest the basis for modern medical 
science and sustain a great source for new drugs [22]. Syzygium 
aromaticum (S. aromaticum) (synonym: Eugenia cariophylata) often 
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known as clove belongs to family Myrtaceae, native to Indonesia, is a 
median size tree. The clove is recognized to be beneficial in ethnic systems 
of medicine. The principal bioactive compound of clove is eugenol, and 
found in concentrations ranging from 9 381.70 to 14 650.00 mg per 100 g 
of fresh plant material [23]. The phenolic acids and gallic acid are the 
compounds endow in superior concentration. Flavonoids such as 
kaempferol, quercetin and its glycosilated groups are also launch in clove. 
Recently, many reports established the antibacterial, antifungal, antiviral 
and anticarcinogenic properties of this plant. To the best of our knowledge, 
no one has been delineate the synthesis of syzygium aromaticum extract 
loaded to PVP coated iron oxide nanoparticles at room temperature and 
ascertained their characterization. Hence the present study was designed 
to evaluate synthesis, characterization and cytotoxic effect of Syzyzium 
aromaticum loaded PVP coated iron oxide nanoparticles with their unique 
properties to ameliorate the treatment options available for breast cancer.  
 

2. Experimental Methods 

2.1 Chemicals 

Ferrous chloride, Ferric chloride, Sodium hydroxide, Poly Vinyl 
Pyrrolidine (PVP) were obtained from Himedia. Fluconazole, 
streptomycin and doxorubicin were obtained from Thermo Fisher 
Scientifics, India. Breast cancer cell lines (MCF-7) were purchased from 
NCCS, Pune, India. Delbeccos Modified Eagle’s Medium (DMEM) and MTT 
reagents were purchased from Himedia. 

 
2.2 Collection of S. aromaticum Flower Buds Material  

Syzygium aromaticum flower buds (Dry clove) were purchased from 
local grocery store Tirupati, Chittoor District, Andhra Pradesh, India and 
are dried for 15 to 20 days under shade to vaporize residual moisture and 
finally ground with blender for further use. 

 

2.3 Preparation of Cloves Extraction  

The cloves powder was subjected to soxhlet extraction (70±10 °C) with 
methanol as a solvent in 1: 4 (w/v) ratio for 18 hrs. The extract was 
concentrated using a rotary vacuum evaporator (40 °C; pressure 70±5 
psi); thick, brown mass obtained was kept in vacuum desiccator for 
complete drying. The dried extract was stored in an airtight container and 
kept in the refrigerator (8±2 °C), and the same was used for in vitro studies. 

  

2.4 Synthesis of Iron Oxide Nanoparticles 

 8 mL of 1M ferric chloride and 2 mL of 2 M ferrous chloride were mixed 
and stirred well. While stirring NaOH solution was added drop by drop 
until the solution turns brown. After preparing iron oxide nanoparticles, 5 
g of PVP was added and sonicated for 30 minutes. Then, the miscellany 
was heated for 30 minutes at 600 °C.  

 
2.5 Loading of Drug (Syzygium aromaticum Extract) into PVP-Coated Iron 

Oxide Nanoparticles  

The drug loading was carried out by dispersing 5 mg of PVP-coated iron 
oxide nanoparticles in 5 mL of Syzygium aromaticum extract solution. The 
mixture of PVP-coated iron oxide nanoparticles with herbal drug can be 
shaken in a rotary shaker (200 rpm) at 37 °C for 24 hrs. The herbal drug 
loading can be determined as the difference between the initial drug 
concentration and the drug concentration in the supernatant. Then these 
magnetic nanoparticles with drug are magnetically separated and dried.  

 
                                              UV Abs. drug – UV Abs. of the supernatant 

Loading efficiency (%) =     ________________________________________________ x100 
 

                                                                      UV Abs. of drug 
 

2.6 Characterization 

2.6.1 UV-Visible Spectroscopy 

The UV/Vis spectra of surface plasmon resonance of iron oxide 
nanoparticles were analyzed using Hitachi - 2900 spectrophotometer 
(Model no. 2J1-0004). The range of measurement is taken from 200 to 800 
nm. Blanks were prepared with distilled and deionized (DI) water using a 
Milli-Q water purification system (Millipore Corp.). 

 
 2.6.2 Fourier Transform Infra-Red (FTIR) Spectroscopy  

The FTIR measurements were performed on a Bruker Alpha-T-109974, 
SN-200220. FTIR spectrometer (Bruker, Karlsruhe, Germany) equipped 
with a mid-infrared source (SiC) and a thermal detector, such as deuterium 

oxide, L-alanine doped triglycine sulfate premium performance 
pyroelectric detector. FTIR Spectra were measured in between 500 to 
3500 cm-1 region by mixing the samples with KBr powder. FTIR 
spectroscopy measurements were perpetrate to recognize the chemical 
functional group in the sample.  

 
2.6.3 Particle Size Analysis and Zeta Potential 

The mean particle size and zeta potential of PVP coated iron oxide 
nanoparticles and drug-loaded PVP-coated iron oxide nanoparticles were 
estimated using a particle size analyzer (Horiba Scientific Nanopartica, 
SZ100Z) to know the average size and stability of particles. Particle size 
analyzer is used to characterize the size distribution of particles in a given 
sample.  

 
2.6.4 Dynamic Light Scattering (DLS) 

The mean hydrodynamic particle size distribution and diameter was 
obtained by DLS. DLS measurements were performed using a zeta sizer 
(VER.7.11. Serial No: MAL1062727, Malvern Instruments UK). The 
samples were measured at 25 °C. The results were conferred at intensity 
and number-based distributions. 

 
2.6.5 XRD Analysis 

The PVP coated iron oxide nanoparticles and S. aromaticum loaded to 
PVP coated iron oxide nanoparticles were investigated using X-ray 
diffractometer (XRD-6000, SHIMADZU, Japan), it was used to analyze 
crystalline nature and calculate the average size of particles. 

 
2.6.6 FT-Raman Studies 

Raman spectroscopy is widely used to analyze the structural and 
chemical properties of the synthesized iron oxide nanoparticles and also 
used to measure the vibration modes of the molecules. The synthesized 
nanoparticles were recorded with degree of graphitization by Raman 
spectrophotometer using 16+Mw (srl=10) laser power. 

 
2.6.7 Cytotoxicity Assay 

Cytotoxicity assay measures the killing capacity of test compound 
against a target cell. One of the common methods to determine cytotoxicity 
is by MTT (3-[4,5-dimethylthiazol-2-y l]-2,5 diphenyltetrazolium 
bromide) assay. Human breast cancer cell lines (MCF-7) were pre-owned 
in this study. Cultured cells at concentration of 2000 cells/well was 
prepared and plated (100 μL/well) onto 96-well plates. The diluted 
sample extracts were added to each well with known concentrations; 50, 
150, 250, 350 and 450 μg/mL. The cells were then incubated for 24 h at 37 
°C in a 5% CO2 incubator. MTT solution was then added to each well and 
incubated for additional 3 h at 37 °C in the 5% CO2 incubator. After 
solubilization of the purple formazan crystals using dimethyl sulfoxide 
(DMSO), the optical density (OD) of the well was measured using an ELISA 
reader at a wavelength of 570 nm. The cytotoxicity was recorded as the 
drug concentration causing 50% growth inhibition of the tumor cells (IC50 
value) using the linear regression equation and an inhibition graph was 
plotted. The images of MCF-7 before and after treatment were also 
assessed by inverted microscope attached to a camera system. 

 
                          OD of the Test sample (mean) 
% Cell viability  =     __________________________________    x 100 
                              OD of the Control (mean) 

 

3. Results and Discussion 

Here we present the structural and morphological properties of PVP 
coated iron oxide nanoparticles and S. aromaticum loaded PVP coated iron 
oxide nanoparticles. The particles were characterized by UV-Vis 
spectroscopy, FTIR, DLS, and particle size analyzer, zeta potential, XRD 
and FT-Raman spectroscopy and its invitro cytotoxicity was studied by 
MTT assay method. 
 
3.1 Preparation of Iron Oxide Nanoparticles   

In this study, the S. aromaticum loaded PVP coated iron oxide 
nanoparticles were synthesized by wet chemical co-precipitation method 
which is adapted to make homogeneous nanoparticles more suitable for 
further study. In this protocol the matter of first importance is the visual 
characterization of the colour change pattern upon synthesis of 
nanoparticles. Here observed that the iron oxide nanoparticles manifest a 
colour change from light brown to thick brown. The colour change of the 
reaction mixture is due to addition of sodium hydroxide. 
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Fig. 1 The figure represents the colour change pattern  upon synthesis of 
S.aromaticum loaded to PVP coated iron oxide NPs by wet chemical co-precipitation 
method and separation of synthesized  NPs from the mixture using an external 
magnet 

 
3.2 UV-Visible Spectroscopy 

Formation of iron oxide nanoparticles were detected by spectral 
analysis under UV-Vis spectrophotometer. The range of the measurement 
is taken from 200 to 700 nm. Deionised water was used as blank.  Fig. 2a 
denotes the UV-Visible absorption spectra of PVP coated iron oxide and it 
showed an absorption peak at wave length 480 nm. Fig. 2b illustrates the 
absorbance of S. aromaticum loaded PVP coated iron oxide nanoparticles 
revealed a strong absorption at 554 nm due to surface plasmon resonance 
(SPR) to give respective peak. From the results, the UV-Vis spectrum 
analysis confirmed that the drug loading efficiency to the PVP coated iron 
oxide nanoparticles with the methanolic extract of the Syzygium 
aromaticum showed more efficiency. Similar types of results were 
observed using different plant extracts respectively [24, 25]. So, these 
results were correlated with previous observations. 
 

 
Fig. 2 UV-Visible spectroscopic studies of (a) PVP coated iron oxide nanoparticles 
and (b) S. aromaticum loaded iron oxide nanoparticles 

 

 

 
Fig. 3 FT-IR analysis of synthesized iron oxide nanoparticles (a) FTIR spectra of PVP 
coated iron oxide NPs and (b) FTIR spectra of S. aromaticum loaded to iron oxide NPs 

 
3.3 FTIR Analysis  

The crucial goal of FTIR spectroscopic analysis is to determine and 
identify the chemical functional groups present in the sample. IR 
spectroscopy is an important tool for identification, elucidation of iron 
oxide nanoparticles and to know the feasible phytochemicals responsible 
for capping and stabilization. FTIR spectra within 500-3500 cm-1 region 
were taken by mixing the samples with KBr powder. Fig. 3a represents the 
vibrational spectra of PVP coated iron oxide nanoparticles and exhibit 
strong and broad absorption peak at 3416 cm-1 corresponds to O-H 
stretching of alcohol and phenolic compounds and also confirmed the 
attachment of primary amines. It also showed carbonyl group 
characteristic absorption at 1627 cm-1. Fig 3b shows the FTIR spectrum of 
S. aromaticum loaded PVP coated iron oxide nanoparticles. The strong 
absorption peak at 3338 cm-1 is assigned to O-H bond and confirmed the 

attachment of primary amino group of drug on iron oxide nanoparticles. 
The presence of peak at 2927 cm-1 indicates aliphatic C-H stretching in 
methyl and methylene groups respectively. The peak at 1695 cm-1 is due 
to stretching vibration of CO groups in the ketones, aldehydes and 
carboxylic acids and it is attributed to the presence of carboxylate ions 
(COO-), which is responsible for the formation of iron oxide nanoparticles. 
The peak at 1037 cm-1 due to the presence of CO groups, which indicates 
the formation of iron oxide nanoparticles. The absorbance band at 821 cm-

1 might be assigned to the existence of some amount of oxidised iron oxide 
on the surface. Thus consequences confirmed that phenols and primary 
amines of plant extract were mainly responsible for capping and 
stabilization of iron oxide nanoparticles. This kind of results was obtained 
from iron oxide nanoparticles synthesized with the help of plantain peel 
extract [26]. 
 
3.4 DLS Analysis 

The average particle size of S. aromaticum loaded PVP coated iron oxide 
nanoparticles were measured using a dynamic light-scattering particle 
size analyser. The average particle size of nanoparticles was shown in Fig. 
4. The average particle size of PVP coated iron oxide nanoparticles was 
399.8 nm and the mean particle size of S. aromaticum loaded PVP coated 
iron oxide nanoparticles was 190.1 nm respectively. DLS provided 
information about the hydrodynamic size and diameter of synthesized 
sample and it was found to be 1864 nm with a PDI of 0.946 for PVP coated 
iron oxide nanoparticles and 3445 nm with a PDI of 1.000 for S. 
aromaticum loaded to PVP coated iron oxide nanoparticles. In addition the 
results of particle size analysis from dynamic light scattering was 
synchronized with [27-30]. 

 

 

 
Fig. 4 DLS analysis of the samples (a) pvp coated iron oxide NPs and (b) S. 
aromaticum loaded iron oxide NPs 

 
3.5 Particle Size Analysis and Zeta Potential 

Recent investigations impressively show that the magnetic property of 
iron oxide based nanoparticles largely depends on particle size. The data 
was analysed based on intensity distribution. Fig. 5a indicates the polymer 
coated (PVP) iron oxide nanoparticles particle size as 254.1 nm and Fig. 5b 
represents S. aromaticum loaded PVP coated iron oxide nanoparticles 
mean size as 155.1 nm. The drug loaded PVP coated iron oxide 
nanoparticles decreases in size when compared with PVP coated iron 
oxide nanoparticles this will be due to the coating of polymer to the iron 
oxide nanoparticles.  

The stability of nanoparticles was monitored by long-term 
measurement of zeta potentials and relaxivity. Particles with zeta 
potentials more negative than -30 mV or more positive than ± 30 mV were 
considered stable. The approximation to more negative zetapotentials (-
30 mV) shows a tendency to an increase in particle stability [31].  The zeta 
potential values for the prepared PVP coated iron oxide nanoparticles and 
S. aromaticum loaded PVP coated iron oxide nanoparticles was measured 
and the values are observed to be -23.7 mV -18.8 mV respectively as shown 
in Figs. 5 (c) and (d) and indicating a relative good stability of prepared 
nanoparticles. 
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Fig. 5 Determination of the particle size and zeta potential analysis for the 
synthesized  iron oxide NPs (a) PVP coated iron oxide NPs (b) S. aromaticum loaded 
iron oxide NPs (c) Zetapotential for PVP coated iron oxide NPs and (d) Zeta potential 
for S. aromaticum loaded iron oxide NPs 

 
3.6 XRD Studies 

The X-ray diffraction pattern of the iron oxide nanoparticles prepared 
with PVP coated iron oxide and S.aromaticum loaded iron oxide NPs are 
illustrated in Fig. 6(a,b). The characteristic peaks observed in PVP coated 
iron oxide NPs and S. aromaticum loaded iron oxide nanoparticles at 
different diffraction  Bragg’s angle 2θ = (30.22), (35.60), (45.60), (54.10), 
(57.68), (62.9) and (63.10) corresponding to the planes of diffraction 
peaks values (220), (311), (222), (400), (422), (440) and (511) 
respectively were analyzed by XRD pattern spectrum analysis using 
standards values of JCPDS card no. (19-0629).  

 

 
Fig. 6 XRD analysis of synthesized iron oxide NPs of (a)PVP coated iron oxide NPs 
and (b)drug loaded to PVP coated iron oxide NPs represents six Bragg reflections 
corresponding to end-centered monoclinic crystalline nature of nanoparticles 

 
The above mentioned diffraction peaks illustrate the crystalline nature 

of the particles and the average crystalline diameter is to be estimated 
from X-ray line profile fitting, later it were found to be of the resulting 
nanoparticles was 32 nm, which was calculated by the Debye-Scherrer 
equation and the average size of the individual magnetic nanoparticles is 
found to be about  8 nm, the diffraction angle of the peak θB = 311, and D 
the average crystallite size for PVP coated iron oxide NPs and S. 
aromaticum loaded iron oxide NPs is β (rad) = 23 nm and 29 nm. XRD 
pattern of the samples represent diffused peaks at very high intensity at 
35.60° and corresponding to the iron oxide nanoparticles. The XRD peaks 

of the samples was consistent with standard XRD pattern of Fe-O (No: 19-
0629) which confirmed the crystalline of iron oxide nanoparticles. The 
finding result was also confirmed with previous report [32-35]. 
 
3.7 FT-Raman 

 In the present work, Fig. 7 shows the spectrum of main features with 
well-defined dominant structural bands of the wave-numbers with 
vibration modes is observed near 229, 294, 410 cm-1 for the presence of 
PVP coated Fe-O NPs and 221, 287, 404 cm-1 for the effect of S. aromaticum 
loaded iron oxide nanoparticles, whereas Raman peak shift is observed 
near 294, 410 cm-1 and 287 and 404 cm-1. So, for these samples, 3 main 
characteristic peaks are observed albeit with slight shift to the high wave 
number.  In the Raman spectra of PVP coated iron oxide NPs and S. 
aromaticum loaded iron oxide nanoparticles observed small changes in 
the peak positions [36] have observed and assigned the bands from 200 to 
600 cm-1 for iron oxide nanoparticles. The present investigation may also 
have related bands at the similar range are observed. Exposure of the 
samples to the laser power causes the bands to become better defined and 
shows better crystallization. This result suggests that the PVP coating may 
improve the stability of magnetic nanoparticles. In addition to, from the 
result all vibrational modes or peaks in PVP coated Fe-O NPs and S. 
aromaticum loaded Fe-O NPs are shifted due to change in crystallinity by 
adding the S. aromaticum. So, the drug is effectively changing the 
properties of iron oxide. 
 

 
Fig. 7 Raman spectral data for synthesized iron oxide NPs (a) PVP coated iron oxide  
NPs and (b) S. aromaticum loaded to PVP coated iron oxide NPs 

 
3.8 Invitro Cytotoxicity Assay (MTT Assay) 

In this study, the primary measure illustrated to further strengthen the 
results and prove the capability and viability of PVP coated iron oxide 
nanoparticles and S. aromaticum loaded iron oxide nanoparticles as a 
potential anticancer agent for breast cancer by MTT assay on MCF-7 cell 
lines. As shown in Fig. 8, the cytotoxicity effect of the synthesized PVP 
coated iron oxide nanoparticles and S. aromaticum loaded iron oxide 
nanoparticles were investigated on MCF-7 cell lines. At 24 h of time course 
incubation period at 37 °C, a significant abatement in cell viability was 
observed in the treated cell lines, while the concentration of PVP coated 
iron oxide nanoparticles and S. aromaticum loaded to iron oxide 
nanoparticles was increased from 50, 150, 250, 350 and 450 μg/mL. The 
standard graphs in MCF-7 cells for PVP coated iron oxide nanoparticles 
and S. aromaticum loaded iron oxide nanoparticles (Figs. 8 and 9) is 
plotted and from this graph, calculation of IC50 was done. 
 

 
Fig. 8 Graph showing the percentage of inhibition at increased concentrations of PVP 
coated iron oxide NPs and S. aromaticum loaded to PVP coated iron oxide NPs 

 
The microscopic observation of cells at increasing concentrations of 

PVP coated iron oxide nanoparticles and S. aromaticum iron oxide 
nanoparticles was done along with appropriate controls (Fig. 8). The MCF-
7 cell lines with their good morphology (C-) were lost with the addition of 
curcumin (C+). The morphology was altered with the addition of curcumin 
(25 µg) which was used as a positive control. MCF-7 cell lines when treated 
with iron oxide nanoparticles inhibited proliferation of the cell lines in a 
dose-dependent and time-dependent manner. The morphology seems to 
be lost slightly with the treatment of PVP coated iron oxide nanoparticles 
and S. aromaticum iron oxide nanoparticles with the addition of 50 µg and 
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was further lost in an increasing order and finally the debris was found in 
the cells which are treated with 450 µg by complete destruction of the cells 
(Fig. 8), indicating the anti-cancerous activity of PVP coated iron oxide 
nanoparticles and S. aromaticum iron oxide nanoparticles in those cells. 
However, there is a significant statistical difference in every condition 
when compared to negative control (C-) (Fig. 8).The number of live cells 
that were quantified from microscopic images (Fig. 8). 
 

 
Fig. 9 Cell cytotoxicity assay in MCF-7 cells using PVP coated iron oxide nanoparticles 
and S. aromaticum loaded to PVP coated iron oxide nanoparticles 

 
MTT cytotoxicity assay and IC50 determination were used for evaluating 

the extent of the anti-proliferative activity. The IC50 value of PVP coated 
iron oxide nanoparticles and S. aromaticum loaded iron oxide 
nanoparticles may have the capability to reduce 50% of treated cell lines. 
The cytotoxicity of nanoparticles may depend on the small size and 
spherical shape of the particles [37]. The results showed when the 
concentration of the PVP coated iron oxide nanoparticles & S. aromaticum 
loaded iron oxide nanoparticles and time of exposure was increased, the 
cell viability was decreased. These findings are significant because S. 
aromaticum loaded to iron oxide nanoparticles are selective towards 
cancer cells and are highly desirable feature of potential cancer chemo 
preventive and therapeutic agents. The previous report confirmed DOX 
loaded PVP coated iron oxide nanoparticles are promising magnetic drug 
carriers to be used in magnetically targeted drug delivery [38]. Besides 
these, there were many reports stating that the efficiency of the polymer 
coated iron oxide nanoparticles along with the drug molecule will act as 
the cell-specific delivery and kill the uptake cancer cells [39, 40]. 
 

4. Conclusion 

Synthesis of iron oxide nanoparticles have been successfully 
synthesized by using an ecofriendly, economical, simple and fast method. 
A comprehensive study on their characterizations and pharmacognostic 
properties has been carried out. Our findings makes another proof that the 
stability of magnetic (Fe-O) nanoparticles increased with the addition of S. 
aromaticum extract. Further it also seems that S. aromaticum loaded PVP 
coated iron oxide nanoparticles are effective against breast cancer cell 
lines (MCF-7) as the MTT cytotoxicity assay has shown decrease in cell 
viability with the increase in drug concentration. Thus our present study 
proved that the S. aromaticum loaded iron oxide nanoparticles may lead to 
greater impact in the cancer clinical area as target based drug delivery 
besides recommending it for breast cancer in particular. Therefore it is 
concluded that Fe-O NPs possess the versatility required to overcome 
some of the most challenging impediments in treatment of cancers. 
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