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Introduction 
 
In the last years, remarkable magnetite nanostructures 
were designed to be used as anti-infective agents [1].  
Magnetite nanostructures exhibit a significant 
enhancement of antimicrobial activity of currently used 
antibiotics [2-4].  
This type of nanostructures functionalized with 
antibiotics decreased considerable the MIC values of 
amoxicillin, kanamycin, cefotaxime and polymixin B 
against Escherichia coli and Pseudomonas aeruginosa 
[5].  
Magnetite nanoparticles functionalized with penicillin, 
streptomycin, erythromycin, kanamycin and 
cefotaxime exhibited an inhibitory activity on growth 
and the biofilm formation of Staphylococcus aureus 
strain, superior to that exhibited by each antibiotic 
alone [6]. 

Other recent study suggest that the magnetite 
nanoparticles may be considered an effective 
aminoglycoside antibiotic carrier by improving the 
anti-bacterial activity of the current antibiotics against 
planktonic and biofilm growing Enterococcus faecalis 
[7].  
The studied magnetite nanostructures act as efficient 
antibiotic potentiators and delivery systems for 
combating  microbial biofilms on biomedical devices 
or human tissues [8]. 
In this context, the aim of this report is to highlight the 
antimicrobial activity of a newly nanostructure based 
on magnetite and eugenol in order to highlight the 
usefulness of natural compounds in antimicrobial 
therapy when coupled with efficient delivery and 
controlled release shuttles as magnetic nanoparticles. 

Experiment Details 
 
Synthesis. Fe3O4@E was prepared by chemical co-
precipitation of  FeCl3 and FeSO4 x 7H2O (molar ratio 

= 2:1) in 200 mL aqueous solution of NH4OH (10%) 
and Eugenol (0.25%). The coated magnetite 
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nanostructures were separated with a strong NdFeB 
permanent magnet and repeatedly washed with 
deionized water and methanol. Characterization. 
TEM. The transmission electron microscopy (TEM) 
images were obtained on finely powdered samples 
using a TecnaiTM G2 F30 S-TWIN high resolution 
transmission electron microscope from FEI Company 
(OR, USA) equipped with SAED. The microscope 
operated in transmission mode at 300 kV with TEM 
point resolution of 2 Å and line resolution of 1 Å. The 
powder was dispersed into pure ethanol and 
ultrasonicated for 15 min. After that, diluted sample 
was poured onto a holey carbon-coated copper grid and 
left to dry before TEM analysis. XRD. X-ray 
diffraction analysis was performed on a Shimadzu 
XRD 6000 diffractometer at room temperature. In all 
the cases, Cu Kα radiation from a Cu X-ray tube (run at 
15 mA and 30 kV) was used. The samples were 
scanned in the Bragg angle 2θ range of 10–80 degree. 
TGA. The thermogravimetric (TG) analysis of the 
Fe3O4@E was assessed with a Shimadzu DTG-TA-50H 
instrument. Samples were screened to 200 mesh prior 

to analysis, were placed in alumina crucible, and heated 
with 10 K · min−1 from room temperature to 800 °C, 
under the flow of 20 mL · min−1 dried synthetic air 
(80% N2 and 20% O2). Antimicrobial susceptibility. 
S.aureus ATCC 25923 and P. aeruginosa ATCC 
27853 strains were used for assessing the antimicrobial 
activity of Fe3O4@E nanosystem. The minimal 
inhibitory concentration (MIC) assay of Fe3O4@E 
consisted of two-fold microdilutions of nanoparticles 
stock solutions prepared in sterile saline performed in 
liquid culture medium (nutrient broth) and distributed 
in 96 multi-well plates. Each well was inoculated with 
5 μL of microbial suspensions corresponding to a 0.5 
McFarland density. Sterility, negative control wells 
(nutrient broth) and microbial growth, positive controls 
(inoculated nutrient broth) were used. The plates were 
incubated for 24 h at 37oC, and the influence of 
Fe3O4@E on the planktonic cells growth in liquid 
medium was appreciated by measuring the A 600 nm 
of the obtained cultures. The MIC was considered as 
the lowest dilution of the tested compound which 
inhibited the microbial growth [9].  

 
Results and Discussions 
 
Eugenol functionalized magnetite nanostructures were 
prepared by co-precipitation method and characterized 
by TEM, XRD, SAED and antimicrobial susceptibility. 
Figure 1 presents the TEM images of prepared 
magnetite nanostructures. These images show that the 
Fe3O4@E has a spherical shape and its particles size is 
around 7 nm.  
Comparing the Fe3O4@E with the Fe3O4 from the XRD 
library, the experimental XRD pattern show similar 
diffraction peaks with the magnetite. This indicates that 
the eugenol does not significantly affect the crystal 
structure of the magnetite nanoparticles [10-12]. 
Also, experimental pattern has a series of characteristic 
peaks at 2θ = 30.1, 35.4, 43.1, 53.4, 56.9, and 62.5°, 
which can be assigned to (2 2 0), (3 1 1), (4 0 0), (4 2 
2), (5 1 1), and (4 4 0) planes by comparison with 
JCPDS card, 85-1436. These results are in good 
agreement with reported literature [13] and with SAED 
pattern (figure 3). The TG analysis of the Fe3O4@E and 
Fe3O4 nanostructures is shown in figure 4. The initial 

weight loss temperature between 25 and 120oC refers 
to the evaporation of adsorbed water. The Fe3O4 and 
Fe3O4@E shows that the weight loss in this range is 
about 2.8%. In the next step, the weight loss over the 
temperature range from 120 oC to 340 oC and 
temperature up to 440 oC is due to the decomposition 
of the physisorption and the chemisorption of the 
eugenol [9,14]. Therefore, the content of the eugenol 
on the magnetite nanostructures was estimated, in the 
temperature range from 120 oC to 440 oC, and was 
about 2.22%. 
The antimicrobial assay revealed that Fe3O4@E have a 
good antimicrobial effect against both Gram positive 
(S. aureus) and Gram negative (P. aeruginosa) tested 
strains. The MIC concentration of Fe3O4@E obtained 
for S. aureus strain was the same concentration of 
usually tested antibiotics for this species. For P. 
aeruginosa, the MIC value of Fe3O4@E was twofold 
lower than MICs of usually tested antibiotics. These 
results demonstrate that nano-bioactive Fe3O4@E 
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systems may be effectively used as alternative anti-
infectious agents for both Gram positive and Gram 
negative bacteria.  

 

 
Figure 1:  TEM and HR-TEM images of Fe3O4@E 

nanostructures 

 
Figure 2: XRD pattern of Fe3O4@E (blue) and library XRD 

pattern of Fe3O4 (red) 

 
Figure 3: SAED pattern of Fe3O4@E 

 
Figure 4: TG analysis of Fe3O4@E and Fe3O4 

 
Figure 5. The impact of Fe3O4@E on S. aureus viability, as 

compared with the effect of cefixime, nitrofurantoin and 
sulfisoxazole 

 
Figure 6: The impact of Fe3O4@E on P. aeruginosa 
viability, as compared with the effect of tetracycline, 

cefotaxime and carbenicillin 
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Developing novel antimicrobial strategies which avoid 
antibiotics usage represents a studied research field 
with a great perspective of reducing antimicrobial 
resistance. Furthermore, due to the low dimensions and 

physico-chemical properties, these nanoparticles may 
be used for developing highly efficient controlled 
release targeted bioactive nanobiosystems. 

 
Conclusions 
 
This paper reports the successful preparation of 7 nm 
average diameter bioactive Fe3O4@E nanoparticles. 
These eugenol based nanostructures proved great 
antimicrobial properties, representing a promising 

approach for the development of alternative antibiotic-
free anti-infectious strategies and may help in 
preventing the development of bacteria resistance.
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In the last years, remarkable magnetite nanostructures were designed to be used as anti-infective agents [1].  Magnetite nanostructures exhibit a signiﬁcant enhancement of antimicrobial activity of currently used antibiotics [2-4]. 

This type of nanostructures functionalized with antibiotics decreased considerable the MIC values of amoxicillin, kanamycin, cefotaxime and polymixin B against Escherichia coli and Pseudomonas aeruginosa [5]. 

Magnetite nanoparticles functionalized with penicillin, streptomycin, erythromycin, kanamycin and cefotaxime exhibited an inhibitory activity on growth and the biofilm formation of Staphylococcus aureus strain, superior to that exhibited by each antibiotic alone [6].

Other recent study suggest that the magnetite nanoparticles may be considered an effective aminoglycoside antibiotic carrier by improving the anti-bacterial activity of the current antibiotics against planktonic and biofilm growing Enterococcus faecalis [7]. 

The studied magnetite nanostructures act as efficient antibiotic potentiators and delivery systems for combating  microbial biofilms on biomedical devices or human tissues [8].

In this context, the aim of this report is to highlight the antimicrobial activity of a newly nanostructure based on magnetite and eugenol in order to highlight the usefulness of natural compounds in antimicrobial therapy when coupled with efficient delivery and controlled release shuttles as magnetic nanoparticles. 

Experiment Details





Synthesis. Fe3O4@E was prepared by chemical co-precipitation of  FeCl3 and FeSO4 x 7H2O (molar ratio = 2:1) in 200 mL aqueous solution of NH4OH (10%) and Eugenol (0.25%). The coated magnetite nanostructures were separated with a strong NdFeB permanent magnet and repeatedly washed with deionized water and methanol. Characterization. TEM. The transmission electron microscopy (TEM) images were obtained on finely powdered samples using a TecnaiTM G2 F30 S-TWIN high resolution transmission electron microscope from FEI Company (OR, USA) equipped with SAED. The microscope operated in transmission mode at 300 kV with TEM point resolution of 2 Å and line resolution of 1 Å. The powder was dispersed into pure ethanol and ultrasonicated for 15 min. After that, diluted sample was poured onto a holey carbon-coated copper grid and left to dry before TEM analysis. XRD. X-ray diffraction analysis was performed on a Shimadzu XRD 6000 diffractometer at room temperature. In all the cases, Cu Kα radiation from a Cu X-ray tube (run at 15 mA and 30 kV) was used. The samples were scanned in the Bragg angle 2θ range of 10–80 degree. TGA. The thermogravimetric (TG) analysis of the Fe3O4@E was assessed with a Shimadzu DTG-TA-50H instrument. Samples were screened to 200 mesh prior to analysis, were placed in alumina crucible, and heated with 10 K · min−1 from room temperature to 800 °C, under the flow of 20 mL · min−1 dried synthetic air (80% N2 and 20% O2). Antimicrobial susceptibility. S.aureus ATCC 25923 and P. aeruginosa ATCC 27853 strains were used for assessing the antimicrobial activity of Fe3O4@E nanosystem. The minimal inhibitory concentration (MIC) assay of Fe3O4@E consisted of two-fold microdilutions of nanoparticles stock solutions prepared in sterile saline performed in liquid culture medium (nutrient broth) and distributed in 96 multi-well plates. Each well was inoculated with 5 μL of microbial suspensions corresponding to a 0.5 McFarland density. Sterility, negative control wells (nutrient broth) and microbial growth, positive controls (inoculated nutrient broth) were used. The plates were incubated for 24 h at 37oC, and the influence of Fe3O4@E on the planktonic cells growth in liquid medium was appreciated by measuring the A 600 nm of the obtained cultures. The MIC was considered as the lowest dilution of the tested compound which inhibited the microbial growth [9]. 





Results and Discussions





Eugenol functionalized magnetite nanostructures were prepared by co-precipitation method and characterized by TEM, XRD, SAED and antimicrobial susceptibility. Figure 1 presents the TEM images of prepared magnetite nanostructures. These images show that the Fe3O4@E has a spherical shape and its particles size is around 7 nm. 

Comparing the Fe3O4@E with the Fe3O4 from the XRD library, the experimental XRD pattern show similar diffraction peaks with the magnetite. This indicates that the eugenol does not significantly affect the crystal structure of the magnetite nanoparticles [10-12].

Also, experimental pattern has a series of characteristic peaks at 2θ = 30.1, 35.4, 43.1, 53.4, 56.9, and 62.5°, which can be assigned to (2 2 0), (3 1 1), (4 0 0), (4 2 2), (5 1 1), and (4 4 0) planes by comparison with JCPDS card, 85-1436. These results are in good agreement with reported literature [13] and with SAED pattern (figure 3). The TG analysis of the Fe3O4@E and Fe3O4 nanostructures is shown in figure 4. The initial weight loss temperature between 25 and 120oC refers to the evaporation of adsorbed water. The Fe3O4 and Fe3O4@E shows that the weight loss in this range is about 2.8%. In the next step, the weight loss over the temperature range from 120 oC to 340 oC and temperature up to 440 oC is due to the decomposition of the physisorption and the chemisorption of the eugenol [9,14]. Therefore, the content of the eugenol on the magnetite nanostructures was estimated, in the temperature range from 120 oC to 440 oC, and was about 2.22%.

The antimicrobial assay revealed that Fe3O4@E have a good antimicrobial effect against both Gram positive (S. aureus) and Gram negative (P. aeruginosa) tested strains. The MIC concentration of Fe3O4@E obtained for S. aureus strain was the same concentration of usually tested antibiotics for this species. For P. aeruginosa, the MIC value of Fe3O4@E was twofold lower than MICs of usually tested antibiotics. These results demonstrate that nano-bioactive Fe3O4@E systems may be effectively used as alternative anti-infectious agents for both Gram positive and Gram negative bacteria. 





Figure 1:  TEM and HR-TEM images of Fe3O4@E nanostructures



Figure 2: XRD pattern of Fe3O4@E (blue) and library XRD pattern of Fe3O4 (red)



Figure 3: SAED pattern of Fe3O4@E



Figure 4: TG analysis of Fe3O4@E and Fe3O4



Figure 5. The impact of Fe3O4@E on S. aureus viability, as compared with the effect of cefixime, nitrofurantoin and sulfisoxazole



Figure 6: The impact of Fe3O4@E on P. aeruginosa viability, as compared with the effect of tetracycline, cefotaxime and carbenicillin



Developing novel antimicrobial strategies which avoid antibiotics usage represents a studied research field with a great perspective of reducing antimicrobial resistance. Furthermore, due to the low dimensions and physico-chemical properties, these nanoparticles may be used for developing highly efficient controlled release targeted bioactive nanobiosystems.





Conclusions





This paper reports the successful preparation of 7 nm average diameter bioactive Fe3O4@E nanoparticles. These eugenol based nanostructures proved great antimicrobial properties, representing a promising approach for the development of alternative antibiotic-free anti-infectious strategies and may help in preventing the development of bacteria resistance.
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