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1. INTRODUCTION 

Nanotechnology with its unique physicochemical and 

biological characteristics concerns the arrangement of 

material at atomic stage to achieve nanoscale materials.
[1] 

Nanotechnology is one of the key technologies in the 

present century and promises a revolution in the world. 

In science, nanotechnology deals with the matter at the 

large scale and it is also used to study the manipulation 

of matter at the atomic and molecular scale.
[2] 

The range 

of the nanoparticles is between 1 to 100 nm. The 

nanoparticles are beneficial for human use because of 

their tiny size and are used in science, technology and 

medicine.
[3]

  

 

There are different forms of nanoparticles such as 

metallic, non- metallic and oxide. In industries metal 

oxide nanoparticles are used to produce products such as 

catalysts, pigments, food additives, sun screens and 

cosmetics.
[5]

 The special properties of metal 

nanoparticles have shown interests in the fields such as 

catalysis, optoelectronics, magnetic, thermal, sensors, 

fine chemical synthesis, solar energy conversion and 

medicine. 

Nanomedicine is the latest advancement and it is having 

therapeutic and diagnostic role. Reduction of metal ions 

in solution is the common method employed to 

synthesise metal nanoparticles. The chemical and 

physical methods produce pure and well-defined 

nanoparticles but they are quite expensive.
[6]

 Due to their 

small size and large surface area, metal nanoparticles, 

possess cytotoxicity and it also has the ability to generate 

reactive oxygen species.
[7]

 In the past few decades iron 

oxide nanoparticles have attracted much attention, due to 

their high surface area easy separation is carried out 

under magnetic field.
[8]

 

 

The compound anethole occurs naturally and it is mainly 

present in essential oils as it is an aromatic compound 

and unsaturated ether. It is sweeter than sugar.
 [11]

 The 

nanoparticles are employed as antimicrobial agents. The 

antibacterial activity of iron oxide nanoparticles have 

been evaluated against Gram positive and Gram negative 

bacteria. The organisms do develop resistance against the 

commonly used antimicrobial agents namely the 

antibiotics.
[12] 

In the present study iron oxide 

nanoparticles were synthesised by chemical co – 
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ABSTRACT 

Synthesis of nanoparticles is carried out with the objective of controlled size, shape and surface coating. There are 

different forms of nanoparticles such as metallic, non-metallic and oxide. Among these metallic nanoparticles 

have plenty of applications compared to the bulk materials. The iron oxide nanoparticles were synthesised by co-

precipitation method and coated with the compound anethole. Anethole is the compound having anticarcinogenic, 

antigenotoxic, gastro protective, anti-oxidative, antithrombolytic and vasoactive properties. The coated 

nanoparticles and uncoated particles were characterised using UV-Visible spectroscopy, Fourier Transform 

Infrared spectroscopy, X-Ray Diffraction, Energy Dispersive X-ray spectroscopy and Scanning Electron 

Microscopy analysis to know the absorption peak of the particles, functional group, and nature of the particle and 

also size of the particles respectively. Further to test its biological activity the antibacterial and antibiofilm activity 

was assessed using the organisms such as Escherichia coli, Bacillus subtilus, Pseudomonas aeruginosa, Klebsiella 

pneumonia and Staphylococcus aureus. The coated particles showed more activity compared to the iron oxide 

nanoparticles. The cytotoxicity of the nanoparticles was assessed using MTT assay and biocompatibility of the 

particles was assessed using haemolysis assay. 

 

KEYWORDS: Iron oxide nanoparticles, Anethole, Cytotoxicity, Biocompatibility Biofilm, Haemolysis. 

 



Sumathi et al.                                                                 European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com 

 

 

273 

precipitation method and coated with PEG and the 

compound anethole. The nanoparticles were 

characterised and it was evaluated by antimicrobial 

activity and assessed using antibiofilm activity. 

Haemolysis assay was carried out to evaluate its in vitro 

cytotoxicity and biocompatibility. 

 

2. MATERIALS AND METHODS 

2.1 PREPARATION OF IRON OXIDE 

NANOPARTICLES 

1.35 g of Ferric chloride and 0.99 g of ferrous sulphate 

heptahydrate was dissolved in 50 ml of double distilled 

water. 10 ml of 20 M urea solution was added to it.  The 

pH of the solution was adjusted to 8.0 using sodium 

hydroxide solution and stirred using hot plate magnetic 

stirrer at 60°C for 3 hours. The colloidal precipitate was 

separated by external magnet and dried in hot air oven at 

65°C overnight. Then the powder was stored for further 

characterization and evaluation process.  

 

2.2 PREPARATION OF ANETHOLE COATED 

IRON OXIDE NANOPARTICLES 

Synthesised particles were coated with the polymer 

polyethylene glycol. The PEG coated nanoparticles were 

dissolved in water by stirring for few minutes. Anethole 

was dissolved in small amount of ethanol and added to it 

and allowed to stir for 6 to 8 hours continuously till the 

colour changed to brown. It was centrifuged and washed 

with distilled water and ethanol. It was finally dried in 

the hot air oven at 65°C overnight.  

 

2.3 CHARACTERISATION OF IRON OXIDE 

NANOPARTICLES 

To determine the tunable optical properties and to exhibit 

the unique characteristics of the iron oxide nanoparticles 

the UV-Visible spectrum analysis was carried out. To 

determine and confirm the crystal structure of iron oxide 

nanoparticles the XRD studies were employed. FTIR 

analysis was done to obtain the infra-red spectra of 

absorption and emission. SEM analysis is used to 

identify the surface morphology of the sample using 

NOVA Nano SEM 230. 

 

2.4 ANTIBACTERIAL ACTIVITY 

Bactericidal activity of iron oxide nanoparticles were 

tested using the growth inhibition studies against 

pathogenic microorganisms such as Escherichia coli, 

Staphylococcus aureus, Bacillus subtilus, Pseudomonas 

aeroginosa and Klebsiella pneumoniae. The anethole 

coated iron oxide nanoparticles and synthesized iron 

oxide nanoparticles were checked for its antibacterial 

activity using the disc diffusion method of Pasupuleti et 

al., (2013) 

 

2.5 ANTIMICROBIAL ACTIVITY BY MTT ASSAY 

Overnight culture of Klebsiella pneumoniae in Muller 

Hinton Broth was prepared and 95μl of freshly prepared 

broth was allowed to interact with different concentration 

of nanoparticles, and kept for incubation at 37°C for 24 

hours. 10μl of MTT solution was added to each well and 

incubated at 37°C for 4 hours. They were diluted with 

100μl of DMSO. Finally the dilutions were read in 

ELISA reader at 570nm. 

 

2.6 ANTIBIOFILM ASSAY 

Overnight culture Staphylococcus aureus was diluted in 

the ratio 1:100 in fresh medium and allowed to grow for 

another hour. 100μl of the diluted strains were added to 

96 well titre plate and the different concentrations of 

nanoparticles were added and incubated at 37°C for 3 

days. The growth was monitored every 12 hours at 

595nm using ELISA reader.100μl of 1% crystal violet 

solution was added and incubated at room temperature 

for 30 minutes. The wells were washed thoroughly with 

distilled water and finally incubated with 95% ethanol 

for 15 minutes and read in spectrophotometer at 595nm. 

 

2.7 HAEMOLYSIS ASSAY  

The blood was collected in an EDTA tube and it was 

centrifuged at 4°C 1500 rpm for 5 minutes. The RBC 

pellets that settled at the bottom were washed three times 

with PBS and the RBC suspension obtained was diluted 

with PBS and treated with different concentrations of 

nanoparticles and they were vortexed gently at 37°C for 

60 minutes. The sample incubated with Triton X-100 

was considered as positive control (100% lysis) and the 

sample with PBS buffer as negative control (0% 

lysis).The Haemolytic activity was analysed by 

measuring the absorbance of the supernatant at 540nm. 

 

3. RESULTS AND DISCUSSION 

3.1 PREPARATION OF IRON OXIDE 

NANOPARTICLES                                                                                                                    

Iron oxide nanoparticles were synthesized by co-

precipitation method. The colour changed from yellow to 

black, confirmed the synthesis of iron oxide 

nanoparticles. The particles were dried and polyethylene 

glycol was added as an intermediate for coating the 

compound anethole. The colour change from black to 

brown indicated that compound was bound to the 

synthesised iron oxide nanoparticles. 

 

3.2 CHARACTERISATION OF IRON OXIDE 

NANOPARTICLES 

3.2.1 UV-Visible spectroscopy 

The results of UV absorption as shown in Fig 1(a) 

indicated that the iron oxide nanoparticles are having an 

absorption peak at 380 nm. This indicated that the iron 

oxide nanoparticles were synthesized. Due to the surface 

plasmon vibration the peak was observed. Whereas in the 

case of anethole coated iron oxide nanoparticles whose 

absorption spectrum is shown in the Fig 1 (b) the peak 

was observed at 280 nm. This confirms the presence of 

anethole coated iron oxide nanoparticles.  

    

The absorption peak of anethole ranges between 240 nm 

to 280 nm was reported by Sinha.
[11]

 Narender
[10]

 

reported that chitosan coated iron oxide nanoparticles 

showed the absorption range at 365 nm. Similarly the 

UV visible spectrum of iron oxide nanoparticles showed 
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absorption at 227 nm indicating the formation of nanosized particles and poydispersity of nanocrystals.
[13]

  

(a) (b) 

        
Fig 1: UV-Visible spectrum of iron oxide nanoparticles (a) synthesised iron oxide nanoparticles (b) anethole 

coated iron oxide nanoparticles 

            

3.2.2 Fourier Transform Infrared Spectroscopy 

The major absorption band spectra of chemically 

synthesized iron oxide nanoparticles were seen  at  3415 

cm
-1

, 2846cm
-1

, 1023cm
-1

 and 890cm
-1

 as shown in the 

Fig 2 (a). The absorption peaks at 3415 cm
-1

 indicated 

the characteristic bands of hydrogen bonded OH group. 

The band at 2846cm
-1

 showed the presence of carboxylic 

acid groups. The band at 1023cm
-1

 indicated the presence 

of C-O vibrations associated with the iron oxide 

nanoparticles. The peak at 890cm
-1

 showed the presence 

of C-O-C stretching vibration of 3, 6 anhydro bridges.  

 

Anethole coated iron oxide nanoparticles showed 

absorption peaks at 3410cm
-1

, 2818cm
-1

, 1306cm
-1

 and 

639cm
-1

. The results are shown in Fig 3 (b). The peak at 

3410cm
-1

 indicates the characteristic bands of hydrogen 

bonded OH group. The band at 2818cm
-1

 shows the 

presence of carboxylic acid groups. The band at 1306cm
-

1
 indicates the presence of isopropyl group. The peaks at 

639cm
-1

 indicates the FeO stretching of Fe2O3 

nanoparticles. 

 

Kumar 
[14]

 reported that the absorption frequency less 

than 700cm
-1

 which indicated the presence of Fe-O 

vibration of iron oxide nanoparticles. Arokiyaraj
[15] 

have 

reported that the magnetite have absorption peaks at 

566cm
-1

, 3426cm
-1

 and 1635cm
-1

 indicating the Fe-O 

stretching, O-H stretching vibration and O-H distorted 

vibration.

  

(a)                                                                            (b)                                                                  

                                                                        
Fig 2: FTIR spectrum of iron oxide nanoparticles (a) synthesised iron oxide nanoparticles (b) anethole coated 

iron oxide nanoparticles 
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3.2.3 Scanning Electron Microscopy 

(a)                                                                            (b) 

                      
Fig 3: Scanning Electron Microscopy of iron oxide nanoparticles (a) synthesised iron oxide nanoparticles (b) 

anethole coated iron oxide nanoparticles 

 

Under Scanning Electron Microscopy the iron oxide 

nanoparticles were roughly spherical in shape as shown 

in Fig 3 (a) whereas the anethole coated iron oxide 

nanoparticles were clustered together in a nano flower 

like structure as shown in Fig 3 (b). Khalil
[17] 

reported 

that synthesized iron oxide nanoparticles were in 

nanoscale range of 1µm. The HR-SEM images of 

conventionally prepared Mn1-xCoxFe2O4 nanoparticles 

showed the size ranges from 50-100 nm reported by 

Amalthi.
[18]

 

          

 3.2.4 EDX Spectrum 

 
                                       Fig 4 : EDX spectrum of synthesised iron oxide nanoparticles 

 

EDX spectrum analysis is used to find the composition 

of the synthesized nanoparticles. The results of EDX 

analysis of our present study is shown in Fig 4. The 

peaks were seen around 0.5, 0.8 and 6.7 keV. It indicated 

the presence of iron and oxygen and there were no 

impurities present in the synthesized iron oxide 

nanoparticles. Tursunkulov 
[16]

 reported that sodium 

oleate coated iron oxide nanoparticles has shown the 

presence of iron and oxygen components. 

 

3.2.5. XRD 

(a)                                                                    (b) 

        
Fig 5: XRD analysis of iron oxide nanoparticles (a) synthesised iron oxide nanoparticles (b) anethole coated iron 

oxide nanoparticles 
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The crystalline nature of the iron oxide nanoparticles and 

phase identification were analysed using X- ray 

Diffraction technique. The peak in the diffractogram 

indicated that the particles synthesized were crystalline 

in nature. The powder X-ray diffraction was carried out 

to identify the nature of the nanoparticles. The results 

obtained are depicted in the Fig 5.The peak in the figures 

is indicative of the fact that the synthesized iron oxide 

nanoparticles and anethole coated iron oxide 

nanoparticles were crystalline in nature. 

 

Similar studies were reported by other workers. Jafari 
[19]

 

reported that dextran coated iron oxide nanoparticles 

showed the peaks with 2θ values of 35.5°, 43.0°, 53.1°, 

57.0°, 62.5° and 74.2° corresponding to the Miller 

indices (220), (311), (400), (422), (511), (440) and (533). 

Khalil 
[17]

 reported that six peaks at 2θ of 30.36°, 35.74°, 

43.52°, 53.95°, 57.34° and 63.0° which represents the 

corresponding indices of (220), (311), (440), (422), (511) 

and (440) respectively. 

 

3.3 Antibacterial activity 

The zone of inhibition exhibited by nanoparticles against 

several bacteria tested is shown in the Fig 6. The zone of 

inhibition of anethole coated iron oxide nanoparticles for 

Pseudomonas aeruginosa was found to be highest 13mm 

compared to the iron oxide nanoparticles alone (10mm) 

and maximum inhibition was for this organism compared 

to the other strains tested.  

 

Our results are supported by Behera 
[XX]

 who have 

reported antibacterial activity of iron oxide nanoparticles. 

The common mechanism involved in this activity is 

oxidative stress. Dizaj 
[12]

 have reported that the 

antibacterial activity of nanoparticles is due to the 

inhibition of energy metabolism after internalization of 

the particles into the microorganisms. 

          

 
Fig 6: Antibacterial activity of iron oxide and anethole coated iron oxide nanoparticles 

 

3.4. Antimicrobial activity by MTT assay 

The results of MTT assay as shown in Fig 7 clearly 

shows that the iron oxide nanoparticles at a concentration 

of 10μg/ml did not show cytotoxicity. But as the 

concentration increased the cytotoxicity of iron oxide 

nanoparticles also increased. The percentage of dead 

cells was increased to 61.7% at 100μg/ml and still the 

percentage can reach up to 100% by increasing the 

concentration of the coated and uncoated iron oxide 

nanoparticles. The drug coated nanoparticles were found 

to possess more cytotoxicity compared to the uncoated 

iron oxide nanoparticles. 

 

 
Fig 7 : Antimicrobial activity of iron oxide and anethole coared iron oxide  nanoparticles 



Sumathi et al.                                                                 European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com 

 

 

277 

Abdullah
[21]

 have reported that the drug loaded 

hyaluronan-glutaraldehyde cross-linked nanoparticles 

inhibits 50% of the cell viability. As the concentration of 

the nanoparticle increases the cell viability decreases, 

because the nanoparticles are toxic to the microbial cells.  

 

3.5 Antibiofilm activity 

Antibiofilm effect of iron oxide and anethole coated iron 

oxide nanoparticles against biofilm of Staphylococcus 

aureus was studied. Both the nanoparticles were found to 

exhibit antibiofilm activity in a concentration and dose 

dependent manner. But the activity exhibited by anethole 

coated iron oxide nanoparticles [shown as Fig 8 (b)] was 

found to be significantly higher compared to iron oxide 

nanoparticles [as shown in Fig 8 (a)]. At 72 hours 

anethole coated iron oxide nanoparticles showed nearly 

100% inhibition of biofilm formation. Several studies are 

in accordance with our findings. Namasivayam
[22]

 have 

reported that in biofilm inhibition by silver nanoparticles, 

it showed 87% inhibition at 72 hours against 

Staphylococcus aureus. These results are in line with our 

present findings. 

 

(a)                                                                            (b)  

                         
Fig 8: Antibiofilm activity of iron oxide nanoparticles (a) synthesised iron oxide nanoparticles (b) anethole 

coated iron oxide nanoparticles 

 

3.6 Haemolysis assay 
The haemolysis assay would give additional information 

about the biocompatibility in the case of in vivo 

applications. For investigating the erythrocyte membrane 

damaging properties in vitro haemolysis assay is 

followed. 

 

From the Fig 9 it is clear both the particles showed less 

than 10% of haemolysis in all the concentrations tested. 

On comparing both the nanoparticles, anethole coated 

iron oxide nanoparticles showed lesser haemolysis at all 

the concentrations and the least was observed at a 

concentration of 25μg/ml. Several studies have been 

reported in tune with our findings. Shiny
[23]

 reported 

positive control (Triton X -100) showed lysis of the 

blood whereas, there was no lysis observed in the 

supernatant of the nanoparticles treated blood, which was 

similar to our results. Mocan,
[24]

 has reported that the 

encapsulated nanoparticles showed less than 5% 

haemolysis and on the other hand 5% lysis was observed 

as the concentration increased to 1000 μg/ml. 

                                                

 
Fig 9: Haemolysis activity of iron oxide and anethole coated iron oxide nanoparticles 
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4. CONCLUSION 

The iron oxide nanoparticles were synthesised using cost 

effective method and it was coated with the compound 

anethole and their shape and structure were confirmed 

using characterisation techniques. The cytotoxicity and 

biocompatibility of the nanoparticles effect were 

confirmed using MTT and haemolysis assay 

respectively. It can be further exploited to suit several 

applications. 
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