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ABSTRACT 

 
Cobalt ferrite nanoparticles (NPs) with potential 

medical utilization were prepared by co-precipitation being 
further electrostatically stabilized with perchloric acid in 
aqueous solution. XRD analysis revealed typical spinel 
lattice crystallites with less than 10 nm size, SEM 
evidenced rather uniform quasi-spherical shape of 45 nm 
average NP size, dynamical analysis of particle movement 
in diluted solution indicated average hydrodynamical 
diameter of 65 nm; magnetometric investigation revealed 
dominant superparamagnetic features. We studied some 
biochemical aspects of NPs impact following their release 
in the environment with focus on the oxidative stress 
induced in cellulolytic fungi (able of degrading cellulose 
waste). The increase in malondialdehyde content of fungi 
mycelium indicated lipid peroxidation which could be 
correlated with the changes observed in catalase and 
superoxide dismutase activity. Different sensitivity to iron 
and cobalt ions was noticed in the studied fungi strains. 
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1 INTRODUCTION 
 
Magnetic nanoparticles (MNPs) engineered for 

biological and medical utilization are usually consistent 
with mixed metal (Me) oxides powder, mainly ferrites 
(MexFe3-xO4) stabilized in water suspension with various 
organic molecular shells; mixed cobalt and iron ferrites (Me 
= Co with various x values) were proposed for applications 
in biosensing and nanomedicine [1]. Due to convenient 
microstructural and magnetic properties, nanostructurated 
cobalt ferrites are yielded by various technologies [2], 
although only small number of reports was focused on their 
toxicity.  

Cobalt ferrite/perchloric acid nanosystems were 
proposed for magnetically assisted tumor hyperthermia [3]; 
however, their selective action should not be restricted to 
the cancer cells but also to some healthy tissues, while their 
further release in the biosphere is susceptible of uptake in 
environmental microorganisms from domestic water flows. 

Also, natural sources of iron and other magnetic particles 
like cobalt ones, are permanently polluting the air, water 
and soil where rich microbiota can be found [4] with crucial 
role in biosphere equilibrium. 

 
2 EXPERIMENTAL 

 
2.1 Cobalt ferrite nanoparticles: synthesis 
technology and physical property assessing  

Cobalt ferrite nanoparticles (Co0.5Fe2.5O4) were 
synthesized by chemical co-precipitation of cobalt and iron 
cations in alkali reaction medium at relatively high 
temperature (over 70 °C) starting from stoichiometric 
amounts of suitable hydrated salts: FeCl3, CoCl2, and FeCl2; 
electrostatic stabilization in suspension was accomplished 
with perchloric acid at pH of 5.0.  

All reagents had high purity quality (purchased from 
Sigma-Aldrich) and were used in laboratory research with 
no further purification. In all experimental steps, 18.2 
MΩ/cm deionised water (Barnstead EasyPureII Ultrapure 
Water System) was used. 

 
2.2 Physical characterization of cobalt ferrite 
MNP suspension  

Scanning Electron Microscopy (SEM) device type 
VEGA\TESCAN (SE detector, HV: 30.00 kV) was used to 
get particle physical diameter.  

Shimadzu 6000 device using Cu-Kα radiation system 
was utilized to analyze crystallinity properties.  

Vibrating sample magnetometer MicroMag model 
2900/3900 was used to investigate magnetic features.  

Colloidal stability of diluted particle suspension (0.2% 
v/v) – intended for biological effects study – was 
investigated by Nanoparticle Tracking Analysis (NTA) 
(NANOSIGHT device) that allowed real-time visualization 
and measurement of ferrophase particles, relating the rate of 
Brownian motion to particle hydrodynamic diameter. Data 
processing was accomplished with specialized software 
NTA version 2.2 Build 0377. 

 

314 TechConnect Briefs 2015, TechConnect.org, ISBN 978-1-4987-4727-1



2.3 Test microorganisms 

Two cellulolytic fungus strains: Phanerochaete 
chrysosporium and Trichoderma viride (able of degrading 
cellulose waste) belonging to the Biology Faculty collection 
of “Alexandru Ioan Cuza” University of Iaşi – Romania, 
were used as test microorganisms. The P. chrysosporium 
and T. viride species were cultured in adequate Petri dishes 
on Sabouraud medium (peptone 10 g/L, glucose 35 g/L, 
agar 20 g/L) and Haynes medium (malt extract 50 g/L, 
yeast extract 20 g/L, dextrose 10 g/L, agar 75 g/L), 
respectively. The fungi culture was placed for 7 days in 
thermostat room at 28.0 ±0.1°C. The liquid Sabouraud and 
Czapek medium (for P. chrysosporium and T. viride) was 
inoculated with 0.8 cm diameter disks from 7 day culture of 
fungi. MNP suspension of Co0.5Fe2.5O4 was supplied to 
each fungus culture medium in concentrations of 
40−60−80−100 µg/mL, which were equivalent with total 
metal ion concentrations of 29−43.5−58−72.6 μg/mL.  

 
2.4 Oxidative stress indicators 

The assay of superoxide dismutase (SOD) activity in 
fungi mycelium samples was carried out by colorimetric 
Winterbourn’s adapted method [5], the assay of catalase 
(CAT) activity was performed with the method described in 
[6], while the content of malondialdehyde (MDA) was 
assayed using thiobarituric acid (TBA) according to [7]. All 
resulted numerical values were expressed relatively to the 
amount of protein fungi mycelium assayed with Bradford 
method [8]. Average values and standard deviations 
corresponding to five repeated measurements were 
represented in the graphs bellow.  
Statistical significance. Student t- test was applied to assess 
the statistical significance of the difference between 
average values corresponding to control samples (no 
MNPs) and the MNP supplied ones.  

 
3 RESULTS AND DISCUSSION 

Colloidal nanoparticles appeared in the SEM images as 
rather uniform quasispherical structures (Fig. 1) of 45 nm 
average size with some overlapped, possibly agglomerated 
systems of about double size. 

 

 

Figure 1: SEM image of Co0.5Fe2.5O4 MNPs 

XRD recording (Fig. 2) has evidenced typical spinel 
structure of cobalt ferrite MNPs with representative peaks 
and no additional impurities. Scherrer formula was applied 
to estimate the crystallite size which was of 9.8.nm.  

 

 

Figure 2: XRD diagram of Co0.5Fe2.5O4 MNPs 

NTA investigation has evidenced bi-modal size 
distribution with the main peak at about 25 nm (Fig. 3), 
having the intensity of five times higher than the secondary 
one (at about 115 nm), which is in concordance with SEM 
image observation results. The mean hydrodynamical 
diameter was of about 65 nm and the concentration of the 
diluted suspension was estimated at 9×108 mL-1 − as 
resulted from the analysis of 535 completed tracks (30 
frames/s; 57 particles/frame).  

 

 

Figure 3: NTA investigation result of Co0.5Fe2.5O4 diluted 
suspension 

Hysteresis cycle in the magnetization curve suggested 
that during ferrophase synthesis both superparamagnetic 
and ferrimagnetic nanoparticles were precipitated, resulting 
in the presence of magnetic coercivity at room temperature 
[9]. From the above presented data, it seems that MNPs 
suspended in water are multicrystallite systems equivalent 
with several magnetic monodomains each. 
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The response of cellulolytic fungi to the supply with 
cobalt ferrite MNP suspension was analyzed based on three 
biochemical parameters: the enzyme activity of SOD and 
CAT, and the content of MDA − an indicator of one 
important final product of oxidative stress, i.e. lipid 
peroxides. In Fig. 4, the SOD activity enhancement in P. 
chrysosporium 7 days old mycelium − with more than 
100% compared to the control (p < 0.01) could be the result 
on the intensified O2

−
 formation through the catalytic action 

of metal ions released following MNP uptake and 
lysosymal digestion [10]. 

Consecutively, SOD biosynthesis was supposed to be 
stimulated as cell adaptation to the increased oxidative 
stress, since SOD is able to neutralize the O2

−
 radical. In 14 

days old fungus cells, the complex mechanisms of oxygen 
reactive species (ROS) yielding possibly led also to 
concurrent inhibitory processes because of their toxic action 
on the whole metabolism; thus SOD activity was rather 
diminished. 
 

 

Figure 4: SOD activity in P. chrysosporium samples 

 

Figure 5: MDA content in P. chrysosporium samples 

The MDA level (Fig. 5) confirms that in 14 days old P. 
chrysosporium cells, an increase up to 20% (p < 0.05) of 
lipid peroxidation occurred because of peroxidation 
reaction cascade triggered by hydrogen peroxide – resulted 

through SOD action on O2
−

 radicals. Linear variation was 
graphically suggested, although only relatively small 
correlation coefficients could be obtained from accurate 
mathematical approach.  

In Fig. 6, the activity of CAT enzyme – able to 
decompose the hydrogen peroxide (H2O2) – is presented. 
Up to 25% diminishing of CAT activity at 7 days was 
recorded (p < 0.05), which could be explained only by 
consideration of concurrent cellular phenomena. First, an 
adaptation response to increased amount of H2O2 is 
supposed to be consistent with stimulation of CAT 
synthesis, but second, enzyme molecule inactivation could 
occur possibly because of CAT molecules attachment onto 
MNP surface, which could result in its catalytic site 
blockage as supposed in [11]. In the present case, the 
second process probably was the dominant one at 7 days, 
while later, at 14 days, the two processes were balanced – 
as long as CAT activity exhibited only slight positive or 
negative variations compared to control samples. 
 

 

Figure 6: CAT activity in P. chrysosporium samples 

 

Figure 7: SOD activity in T. viride samples 

Some behavioral differences in the response to MNP 
supply were noticed in T. viride cultures. In Fig. 7, the 
decreasing SOD activity to the increase of MNP 
concentration seems to reflect the higher sensitivity of T. 
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viride to the ROS yielded by catalytic action of iron and 
cobalt ions – the capacity of synthesizing more SOD 
molecules being lower than that of P. chrysosporium. 

 

 

Figure 8: MDA content in T. viride samples 

 

Figure 9: CAT activity in T. viride samples 

Consequently, the process of lipid peroxidation was 
higher with up to 20% − statistically significant for 80 
µg/mL MNP concentration (p < 0.05) (Fig. 8). The main 
issue related to lipid peroxidation concerns membrane 
integrity that later could result in cellular death because of 
uncontrollable interactions with proximal medium. 

According to Fig. 9, the activity of CAT enzyme has 
only slightly (non-significantly) changed in T. viride cells 
supplied with MNPs, with indiscernible contribution to the 
adjustment of oxidative stress phenomena occurring due to 
MNP supply.  

 
 

4 CONCLUSION 
 
Catalytic action of iron and cobalt released through 

MNP cellular digestion has generated ROS, challenging 
fungi cells to intensify protection antioxidant mechanisms 
to prevent other metabolic injuries. In the experiment 
carried out on P. chrysosporium, the MDA variation 
appears to be adjusted mainly by the changes in SOD 

activity with slighter contribution of CAT enzyme. In the 
case of T. viride, lipid peroxidation also occurred but the 
variation of this biochemical indicator of oxidative stress is 
less evident as well as the changes in SOD and CAT 
activities.  

It seems that cobalt ferrite nanoparticles are able of 
impeding metabolic processes in both environmental fungi 
species so that magnetic contamination with such residual 
products following medical or biological utilization could 
be further considered as potential risk for biosphere 
ecosystems functioning.  

New investigation techniques are planned in the next 
research project regarding the study of cellulolytic fungi 
sensitivity to engineered MNPs. 
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