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ANALYSIS OF IN VITRO GENOTOXICITY OF DIFFERENTLY SIZED COBALT 
OXIDE NANOPARTICLES IN HUMAN LYMPHOCYTES

Taken together all results of our study, it could be concluded that Co3O4-NPs are genotoxic in human lymphocytes in vitro, at least for some donors and in some assays. This raises 
concern about overall safety of use of Co3O4-NPs and requires more thorough genotoxicity analysis of Co3O4-NPs in different cell cultures. What is more, interindividual differences 
were observed. Therefore, more experiments must be done to analyze possible variability within a specific donor in order to ensure, that individual donor sensitivities to 
nanoparticles can occur.

INTRODUCTION
Cobalt (II, III) oxide nanoparticles (Co3O4-NPs) can be potentially used in different technological and medical applications, including drug delivery or 
as possible anticancer therapeutic tool [1,2]. In this study, we report genotoxicity of 10-30 nm and <50 nm cobalt oxide nanoparticles to human 
lymphocyte cultures in vitro. The genotoxicity tests used in this study were Comet assay, cytokinesis-block micronucleus (CBMN) assay and analysis 
of sister-chromatid exchange (SCE). Human lymphocytes obtained from 5 donors were treated with Co3O4-NPs at concentrations of 20-80 μg/ml in 
comet assay and no clear dose-response relationship was found. However, individual donor sensitivity was observed. Lymphocytes from three 
donors were sensitive to DNA damaging action of Co3O4–NPs, lymphocytes of two donors were insensitive. In CBMN assay, lymphocytes from 
three donors showed dose-dependent increase (up to 40 μg/ml) in the frequency of micronucleated cells, treated with 10-30 and <50 nm size Co3O4-
NPs. In SCE analysis, lymphocytes from two out of three donors showed dose-dependent increase of DNA damage, treated with 10-30 nm size of 
Co3O4-NPs. No correlation between SCE and concentration of <50 nm size Co3O4-NPs was observed. What is more, in most cases, <50 nm NPs 
induced more DNA damage, compared to 10-30 nm NPs. 

Fig 5. Frequency of micronucleated cytokinesis-blocked lymphocytes (MNCB) in human lymphocytes treated with 
~30 nm and <50 nm Co3O4 nanoparticles. Statistically significant differences (P < 0.05, Fisher exact test) from the 
control cultures are indicated by asterisk. Vertical bars indicate standard error of the mean. 

Fig 1. The principle of the comet assay. The alkaline comet assay is mainly 
consisted of six steps, including preparation of the microscope slides and cell 
immobilization (1), lysis of cells (2), exposure to alkali (pH > 13) and 
electrophoresis (3), neutralization of alkali (4), DNA staining (5) and finally, comet 
visualization and scoring (5-6). Fig 4. Percentage of DNA in a comet tail (%TDNA) after exposure of human lymphocytes with different concentrations of ~30 nm 

and <50 nm Co3O4 nanoparticles in vitro. Statistically significant increase (P<0.05) as compared to the control cultures is 
indicated by triangles (Dunett’s test) or black asterisk (Mann-Whitney U-test). Vertical bars indicate standard error of the mean. 

Fig 6. Frequency of 
sister chromatid 
exchanges (SCEs) in 
human lymphocytes 
treated with ~30 nm and 
<50 nm Co3O4
nanoparticles in vitro. 
Statistically significant 
differences (P<0.05, 
Mann-Whitney U-test) 
from the control cultures 
are indicated by asterisk. 
Vertical bars indicate 
standard error of the 
mean. 

Fig 3. Sister Chromatid Exchange Assay scheme. Cells are cultivated in a nutritient mixture with 
5-bromo-2'-deoxyuridine (BrdU) for 72 hours total. Cultures are treated with NPs at 48 hours of 
growth. 3 hours prior fixation, colchicine (final concentration 0.6 μg/mL) is added. 

Fig 2. In vitro Micronucleus Assay procedure. Cells are cultivated for 72 hours
total. Cultures are treated with desired NPs at 24 hours of growth. Cytochalasin B 
at a concentration of 6 μg/mL is added, 44 hours after PHA stimulation. Cells are 
harvested after 72 hours of incubation.
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