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IN VITRO GENOTOXIC EFFECTS OF TITANIUM DIOXIDE
NANOPARTICLES (TIO2 NPS) IN HUMAN SPERM
CELLS
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Among the varieties of engineered nanoparticles (NPs) being
used today, titanium dioxide (TiO2) nanoparticles are one of the
most widely used in consumer products, such as plastics, paper,
sunscreens, cosmetics, drugs and foods. As regards the massive
presence in the environment, the attention of the study has been
focused on the genotoxic effects of TiO2-NPs on human sperma-
tozoa in vitro. It is known that in mice TiO2 NPs are able to
cross the blood-testis barrier induced inflammation, cytotoxicity
and gene expression changes that lead to impairment of male
reproductive system. The study presents new data on the DNA
damage in human sperm exposed in vitro to two concentrations
of n-TiO2 (1 µg/L and 10 µg/L) for different times (15, 30, 45
and 90 minutes) and the role of ROS as mediators of n-TiO2

genotoxicity. Primary n-TiO2 characterization was performed by
TEM. The dispersed state of the n-TiO2 in media was spec-
trophotometrically determined at 0, 24, 48 and 72 h from the
initial exposure, collecting samples of n-TiO2-enriched culture
media. n-TiO2 concentration value was extrapolated from the
calibration curve obtained from n-TiO2 standard solutions. The
genotoxicity have been highlighted by using different experimen-
tal approaches (Comet Assay, TUNEL test, DFC Assay, RAPD-
PCR). The Comet Assay showed a statistically significant loss of
sperm DNA integrity after 30 min of exposure. The results of the
TUNEL test showed an increase in sperm DNA fragmentation
after 30 minutes of exposure. The RAPD-PCR analysis showed
a variation of the polymorphic profiles of the sperm DNA
exposed to n-TiO2 respect to the control sperm DNA. The evi-
dences from DFC Assay showed statistically significant increase
of intracellular oxidative stress caused by n-TiO2. This research
provides the first data on the evaluation of the potential geno-
toxicity of n-TiO2 on human sperm that occurs through the pro-
duction of intracellular ROS. The results provide a starting point
for investigations on the potential effects that nanomaterials
could have on infertility rate.
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The increasing use of nanoparticles (NP) in industrial and med-
ical applications renders necessary to understand how they
affect both biological and environmental systems. Therefore, we
tested the effects of three NP (cobalt, nickel, iron) on develop-
ing embryos of the water frog Pelophylax sinkl. esculentus. This
frog is commonly found in Italian wetlands and is regarded as a

good biomarker. Samples came from an artificial tank in the
University Botanic Garden in Bari. Embryos at the developmen-
tal stage 10 (earliest involution of blastopore dorsal lip) were
treated with iron, nickel or cobalt NP from IoLiTec (Heilbronn,
Germany). A control group and three treatments per NP at
increasing concentrations (LC50/2, LC50, and 2xLC50, accord-
ing to literature) were considered, for a total of ten groups. Each
group included about 20 individuals. Groups were monitored for
the following ten days. A low mortality was observed and it was
similar throughout the groups. Total length (LT) and eye diame-
ter (LO) were significantly higher in the control (mean LT in
control = 7.8 mm, mean LT in treatments = 6.3 mm; mean LO
in control = 0.3 mm, mean LO in treatments = 0.2 mm).
Significant differences in proportions were observed between
controls and treatments in developmental stages (30% of con-
trols reached stage 23 and 66% stage 21, lower values were
observed in treatments). Malformations were observed in about
30% of controls, whereas in treatments they reached 60%. The
most common malformations observed were abnormally large
ventral mass and bent body axe, followed by abnormal develop-
ment of the head and eye malformations. Investigations of
integument at light, SEM and TEM microscopy revealed that in
the epidermis of the treatments muciparous cells were hyper-
trophic, ciliated cells showed a higher number of cilia in respect
to controls and ionocytes presented several swelled mitochon-
dria, indicating a stressed condition. Besides, treatments were
infested by the chytrid fungus Batrachochytrium dendrobatidis,
as indicated by the several zoospores and zoosporangia observed
in the epidermis. It is concluded that NP treatments are respon-
sible of reduced growth, developmental delay and malforma-
tions, increase of secretion and oxidative stress in the cells of the
integument, as well as and reduced resistance to fungal infec-
tions.
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In adult mammals, neurogenic niches include the subventricular
zone (SVZ) of lateral ventricles and the subgranular zone (SGZ)
of the dentate gyrus in the hippocampus,1 Neurogenesis has been
reported to be altered in neurodegenerative disorders, particularly
Alzheimer’s disease (AD).2 Our group described peroxisomal
changes in the brain of a transgenic mouse AD model (Tg2576),
at the onset of disease.3-5 On the other hand, Peroxisome
Proliferator Activated Receptors (PPARs) have been suggested
to play an important role in neural stem cell (NSCs) fate deter-
mination.6,7 To address the role of peroxisomes during adult neu-
rogenesis in early AD, we investigated the expression of specific
markers in neurogenic niches both in vivo and in vitro.
Immunohistochemical analysis of SVZ and SGZ in 3-month-old
mice reveals stronger staining for PMP70 - a major peroxisomal
membrane protein - and PPAR  in Tg2576, as compared to WT.
Accordingly, western blotting analyses of neurospheres lysates
from 1.5-month-old Tg2576 demonstrate significantly higher lev-
els of both markers than in WT. Also, confocal microscopy of dif-
ferentiated neurospheres shows enhanced immunoreactivity in
Tg2576 cells, as compared to their WT counterparts.
Interestingly, while PMP70 appears equally expressed in neurons
and astrocytes, PPAR  preferentially colocalizes with GFAP,
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